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CHAPTER  XV 

THK    GROUPING   OF   THE    ELEMENTS   AND   THE    PERIODIC    LAW 

It  is  seen  from  the  examples  given  in  the  preceding  chapters  that  tlie 
suiQ  <»f  the  data  concerning  the  chemical  transformations  proper  to  the 
elements  is  insufficient  for  accurately  judging  the  resemblance  of  tlie 
elements,  inasmuch  as  this  resemblance  may  be  many-sided.  Tlius, 
lithium  or  barium  are  in  cerUiin  respects  analogous  to  sodium  or 
|X)ta.ssium,  and  in  others  to  magnesium  or  calcium.  It  is  evident, 
t bereft jre,  that  for  a  true  judgment  it  is  necessary  to  have  exact  and 
measurable  indices. 

Among  these  exactly  measurable  and  common  properties  or  in- 
dices of  the  elements,  or  of  their  corresponding  compounds,  belong  : 
(a)  isomorphism,  or  the  analogy  of  crystalline  forms,  and,  connected 
with  it,  the  power  to  form  crystalline  mixtures  which  are  iso- 
morphous  ;  (b)  the  relation  of  the  volumes  of  analogous  compounds 
uf  the  elements ;  (<•)  the  composition  of  their  saline  compounds  ;  and 
(d)  the  relation  of  the  atomic  weights  of  the  elements.  In  tliis  chapter 
we  shall  briefly  consider  these  four  aspects  of  the  matter,  which 
are  exceedingly  important  for  a  right  grouping  of  the  elements,  for 
facilitating  their  investigation,  as  well  as  for  judging  of  their  most 
important  properties. 

Ifistorically  the  first,  and  an  impoi'tant  and  convincing,  method  for 
finfling  a  resemblance  between  the  compounds  of  twodiff(»rentelen)ents 
is  by  isomorphism.  This  conception  was  introduced  into  cliemistry 
by  Mitscherlich  (in  1820),  who  demonstrated  that  the  corresponding 
salts  of  arsenic  acid,  H^AsO^,  and  phosphoric  acid,  H3PO,,  crystallise 
with  an  equal  quantity  of  water,  show  an  excee<lingly  close  resemblance 
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these  salts.  Again,  the  isomorphous  salts,  magnesium  carbonate  and 
calcium  carbonate,  are  found  together — that  is,  in  one  crystal — in  nature. 
The  angle  of  the  rhombohedron  of  these  magnesia-lime  spars  is  interme- 
diate between  the  angles  proper  to  both  spars  individually  (for  calcium 
carbonate,  the  angle  of  the  rhombohedron,  is  105®  8'  ;  magnesium  car- 
bonate, 107**  SO'  ;  CaMg(C03)2, 106°  10').  Certain  of  these  isomorphous 
mixtures  of  calc  and  magnesia  spars  appear  in  well-formed  crystals, 
and  in  this  case  there  not  unfrequently  exists  a  simple  molecular  pro- 
portion of  strictly  definite  chemical  combination  between  the  component 
salts — for  instance,  CaC03,MgC03 — whilst  in  other  cases,  especially  in 
the  absence  of  distinct  crystallisation  (in  dolomites),  no  such  simple 
molecular  proportion  is  observable ;  this  is  also  the  case  in  many  arti- 
ficially prepared  isomorphous  mixtures.  The  microscopical  researches 
(and  optical,  especially  those  as  regards  the  rotation  of  the  plane  of  polari- 
sation) of  Professor  Inostrantzoff  and  others,  show  that  in  many  cases 
there  is  really  a  mechanical,  although  microscopically  minute,  juxta- 
position in  one  whole  of  the  heterogeneous  crystals  of  calcium  carbonate 
(double  refracting)  and  of  the  compound  CaMgCgOg.  If  we  suppose 
the  adjacent  parts  to  be  microscopically  small  (on  the  basis  of  the 
researches  of  Mallard,  Wernhoff,  and  others),  we  obtain  an  idea  of 
isomorphous  mixtures.  A  formula  of  the  following  kind  is  given  to 
isomorphous  mixtures  :  for  instance,  for  spars,  RCO3,  where  R^ 
Mg,Ca,  and  where  it  may  be  Fe,Mn  .  .  .  .,  &c.  This  means  that  the 
Ca  is  partially  replaced  by  Mg  or  another  metal.  Alums  form  a 
common  example  of  the  separation  of  isomorphous  mixtures  from  solu- 
tions. They  are  double  sulphates  (or  seleniates)  of  alumina  (or  oxides 
isomorphous  with  it)  and  the  alkalis,  which  crystallise  in  well-formed 
crystals.  If  aluminium  sulphate  be  mixed  with  potassium  sulphate, 
then  an  alum  separates,  having  the  composition  KAlS20g,12H20.  If 
sodium  sulphate  or  ammonium  sulphate,  or  rubidium  (or  thallium) 
sulphate,  be  used,  we  obtain  alums  having  the  composition 
IlAlS.20jj,12H20.  They  all  not  only  crystallise  in  the  cubic  system^ 
but  also  contain  an  equal  atomic  quantity  of  water  of  crystallisation 
(I2H2O).  Besides  which,  if  we  mix  solutions  of  the  potassium  and 
ammonium  (NH4AlS20;j,12H.20)  alums   together,   then    the   crystals 

we  coiupiire  sodium  chloride  (molecular  volumo  ^27)  with  potassium  chloride  (volume 
=  37),  or  Bwliuin  sulphate  (volume  =o'i)  with  potassium  sulphate  (volume  =00),  or 
sodium  nitrate  =  811  with  potassium  nitrate  »=  4H,  although  the  latter  are  less  capable  of 
giving  isomori>hou8  mixtures  than  the  former.  It  is  evident  that  the  cause  of  iso- 
morphism cannot  be  explained  by  an  approximation  in  molecular  volumes.  It  is  more 
likely  that,  given  a  similarity  in  form  and  composition,  the  faculty  to  give  isomori)lious 
mixtures  is  connected  with   he  aws  and  degree  of  solubihty. 
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Ea«uUy  of  entering  into  analogous  reactions,  which  ia  not  the  case  with 
RX'Jj  and  RCOj.  The  most  important  and  direct  method  of  judging 
perfect  iBoinorphism — that  is,  the  positive  analogy  of  two  compounds- 
is  gii-en  by  that  property  according  to  which  analogous  compounds  are 
able  to  separate  from  solutions  in  homoifenr.onti  cryntala,  conlitinhig  lite 
•lUftt  varied  qxuintilalive  proportions  of  the  analogous  aubatances  which 
enter  intu  their  composition.  These  (juantities  do  not  seem  to  be  in 
■te]>endencc  on  the  molecular  or  atomic  weights,  and  if  tliey  are 
sovemed  by  any  laws  they  must  he  anftlogous  to  those  which  refer  to 
indefinite  chemical  compounds.-  This  will  be  clear  from  the  follow- 
ing examples.  Potassium  cliioride  and  potassium  nitrate  are  not 
isomorphouB  with  each  other,  and  are  in  an  atomic  relation  composed 
in  a  different  manner.  It'  these  salts  be  mixed  in  a  solution  and  the 
Biiliition  be  evaporated,  then  individual  crystals  of  each  of  these  salts 
will  §epamte  in  that  crystalline  form  which  ia  proper  to  each  of  them. 
The  crystals  will  not  contain  a  mixture  of  the  two  salts.  But  if  we 
mix  the  solutions  of  two  isomorphouH  salts  together,  then,  under 
oertsjii  circumstances,  ci^stals  will  be  obtained  which  contain  both 
these  substances.  However,  this  cannot  lie  taken  as  an  absolute  rule. 
Tliua.  if  we  take  a  solution  saturated  nt  a  high  temperature  with  a 
mixture  of  potaasiam  and  sudium  chlorides,  then  on  evaporation  sodium 
chtoridi!  only  will  sepanile,  and  on  cooling  only  potassium  chloride. 
The  first  will  contain  a  very  little  potassium  obloride,  and  the  latter 
very  little  sodium  chloride.^  But  if  we  take,  for  example,  a  mixture 
of  solutions  of  magnesiuni  sulpliiite  and  of  zinc  sulphate,  then  they 
c«nnot  be  separated  front  each  other  by  evaporating  the  mixture,  not- 
withstaoding  the   rather  considerable  difference  in  the  solubility  of 
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un  mnong  tbe  cryaUl 

alloya,    whidi  are  so 

iIb     Ak.f1  :r  ,..  r'l.nntA..  T 

i,  it  hii«  been  provei 

cu.  ^nti  If  Lu  t^jiikpwr  I., 
iiB««*ry  to  admit  tha 

toniinK  tha  oru-it  of  the  eiirth,  ua  wcU  u 

tion  of  mMiiJi  to  thp  aria,  are  aim  iiistnnc 

and  ia  many  otiiei  portiona  of  thia  walk,  i 

pnafBM  of  deflnilc  mmpaund*  (in  a  etate  of  ilisBociation)  in  wlotions,  tlien  tlia  rama 

ntei  nth  cTHi  greater  larco  to  Iwrnorplluiuii  miitorea  and  iLlloy*.     Far  tbis  reaivin  in 

DBiijt  pUra  in  this  worli  I  turn  to  facts  whiuh  cmnpel  as  to  reco)(DiiH  the  pilatenn 

«if  •Itfinita  chonipal  emapianit  in  all  iHoniorphniiB  miitarcii  and  allnys. 

*  Tha  oante  of  the  difrEwncu  which  i»  observed  in  diHeTenl  romponnda  ot  the  lorae 
tjpr,  wtlh  iwpect  to  their  propedy  □(  fonniog  iaomoTphoua  laiitnreH,  muat  not  be  looked 
Uf  in  tlia  diSHTSDue  of  their  volumetric  compoaition,  ae  nun;,  inclading  Kopp,  affirm, 
The  nnliicnkr  volnmei  ((onod  by  dividing  tlio  molocnlar  weight  by  the  densityl  ot  thnae 
iaMMnpfaoaa  ■Dbstai»»«  wlildi  da  giTe  intemuxtoitJH  are  not  nearer  to  ench  otlier  thiui 
n  altbomwhieb  du  notgJTe  rointUtBa;  tot  example,  for  magiivBinm  Liirbonalti 
raJBhl  U  K4,  ilen<ut}  8-(MI,  and  volume  ST ;  for  calcium  carbonate  in  tha 
B  tin  tulame  '^  87,  and  in  the  form  of  aragonite  AS  i  for  stronliuDi  ou- 
M><t,  to  barium  FK-rhnnale  =  tS;  that  it,  the  voloma  ot  tljose  eloHoly-allisd 
tcphma mbBtauM  iuirnitiua  vrith  the  eombiuing  weight.    The  came  ia  observed  if 
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ciAuaed  the  latter  to  deposit  in  the  same  form  as  ferrous  sulphate,  in 
orvHtal.H  of  the  monoclinic  system,  CuS04,7H20. 

Hence  it  is  evident  that  isomorphism — that  is,  the  analogy  of  forms 
aiul  the  faculty  to  provoke  crystallisation — ^may  serve  as  a  means  for 
the  discovery  of  analogies  in  molecular  composition.  We  will  take  an 
example  in  order  to  render  this  clear.  If,  instead  of  aluminium  sul- 
phate, we  add  magnesium  sulphate  to  potassium  sulphate,  then,  on 
(U'aporating  the  solution,  the  double  salt  K2MgS20g,6H20  separates 
iiiHtead  of  an  alum,  and  in  it  the  ratio  of  the  component  parts  (in  alums 
one  atom  of  potassium  per  2SO4,  and  here  two  atoms)  and  the  amount 
of  water  of  crystallisation  (in  alums  12  and  here  6  equivalents  per 
2SO4)  are  quite  different  from  what  they  are  in  alums  ;  nor  is  this  double 
salt  in  any  way  isomorphous  with  the  alums,  or  capable  of  forming  an 
isomorphous  crystalline  mixture  with  them,  nor  does  the  one  salt  pro- 
voke the  crystallisation  of  the  other.  From  this  we  must  conclude 
that  although  alumina  and  magnesia,  or  aluminium  and  magnesium, 
resemble  each  other,  they  are  not  isomorphous,  and  that,  although  they 
give  partially  similar  doable  salts,  these  salts  are  not  analogous  to  each 
other.  And  this  is  expressed  in  their  chemical  formulae  by  the  fact 
that  the  number  of  atoms  in  alumina  or  aluminium  oxide,  AI2O3,  is 
different  from  the  number  in  magnesia,  MgO.  Aluminium  is  trivalent 
and  magnesium  bivalent.  Thus,  having  obtained  a  double  salt  from  a 
given  metal,  it  is  possible  to  judge  of  the  analogy  of  the  given  metal 
with  aluminium  or  with  magnesium,  or  of  the  absence  of  such  an 
analogy,  from  the  composition  and  form  of  this  salt.  Thus  zinc,  for 
example,  does  not  form  alums,  but  forms  a  double  salt  with  potas- 
sium sulphate,  which  has  a  composition  exactly  like  that  of  the  corre- 
sponding salt  of  magnesium.  It  is  often  possible  to  distinguish  the 
bivalent  metals  analogous  to  magnesium  or  calcium  from  the  trivalent 
metals,  like  aluminium,  by  a  similar  method.  Furthermore,  the  specific 
heat  and  vapour  density  serve  as  guides.  Tliere  are  also  indirect 
proofs.  Thus  iron  gives  ferrous  compounds,  FeXg,  which  are  iso- 
morphous with  the  compounds  of  magnesium,  and  ferric  compounds, 
FeXs,  which  are  isomorphous  with  the  compounds  of  aluminium  ; 
and,  in  this  instance,  the  relative  composition  is  directly  deter- 
mined by  analysis,  because,  for  a  given  amount  of  iron,  FeCl2 
only  contains  two-thirds  of  the  amount  of  chlorine  which  occurs 
in  FeClg. 

Thus  in  the  building  up  of  like  molecules  in  crystalline  forms  we 
see  one  of  the  numerous  means  for  judging  of  the  internal  world  of 
molecules  and  atoms,  and  one  of  the  weapons  for  conquests  in  the 
invisible  world  of  molecular  mechanics  which  forms  the  main  object  of 
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pbjrsico-chemical  knowledge.  This  weapon  ^  has  mora  than  once  beim 
employed  for  discoveiing  the  analogy  of  elements  and  of  their  com- 
pounds. 

*  The  jirupertv  uf  nalidn  ol  occurnng  ia  regular  crygUlIiiie  Tanne — the  oeeurreni^e  of 
nitny  tubsbuiccH  in  tlie  eartli'ii  crust  in  them  lorma— and  tlioiw  Kaimetriail  and  aimple 
tkia«  wUidi  gottan  the  lomkticm  of  oryatals,  hitie  loaf;  ago  attracted  the  attention  of 
tha  IUtnntIi*I  to  crjatalii.  The  ctjataUine  Ibnn  ia,  leithout  doubt,  Ilie  eitireuion  of  the 
nlaliiin  in  vhich  the  t.taoxi  Odcur  ia  the  nioleculea,  und  tha  molecalHS  in  the  nuua 
of  a  BUlHliuice.  CrjBlalliBtttiou  in  determined  by  the  distribution  of  the  molecnlee  along 
tlie  dinclion  of  the  grealeat  coheaioD,  and  theieture  thoea  forces  must  take  port  in  the 
crjstitlline  distribution  o!  inntler  irbicb  act  between  the  molecaloa :  and,  iks  tbey  depvud 
ou  Uw  toroen  binding  the  atonie  togetljer  in  the  niolecutett,  therefore  a  very  eloae  ooa- 
iievllon  ma>t  eiiat  betveeD  the  atomic  compoeitioo  und  the  dietributiim  nf  the  atoDin 
in  tlie  nuilfcale  on  the  one  bond,  and  with  tbe  ciyatalline  fonns  uf  Bubshuices  on  th» 
other  hand,  and  henoe  an  inaight  into  the  conipoeilion  mn.y  \m  Hrrired  at  from  tlia 
cry aWlline  (orm.  Snch  Se  the  eleineutary  and  a.  pHuri  idea  wliii-h  lies  ikt  tile  bone  ol  nil 
rmwrchea  intd  tlm  connection  beticeen  compoailu/n  and  erj/ttallina  form.  Haily,  in 
ISlt.  Mtabliohed  the  (oUowing  fonduueutol  hiw,  which  has  been  worlred  nut  b;  later 
inTOtigalor* ;  That  the  tuniunentol  oryatolluie  form  for  a  given  chemical  compound  it 
mnafatut  (variex  only  in  crmibinations),  and  tbat  with  a  change  of  cwnpoaition  the 
rrjHtslUne  form  alao  rliuigeH,  natorollj  with  tbeeicepUon  o[  anch  limiting  fonua  as  tile 
culat,  regalor  oeUhedrOR,  &c.,  which  ma;  belong  bi  Taciuuii  ■ubatancen  of  the  tepiUir 
■fitrui.  Tlie  (undunentaJ  lonn  ia  determineil  by  the  onglse  of  certain  fundamental 
formn  iiiriomB,  pyramids,  rhombohedra),  or  thu  ratio  of  the  crystalline  oiii,  and  ia  con- 
nected with  the  optical  and  many  other  praperCies  of  ifyatalB.  SLaoe  the  eitablishment 
of  this  law  the  dencriptioa  of  deHnite  compunnde  in  a  aolid  itate  ia  aocotnpanied  by  a 
limcHption  (mcuunnmentj  of  it*  cryatola,  whicli  forina  an  invariable,  difltinct,  arid 
meMnrable  index.  The  most  important  eixwha  in  Hie  farther  history  of  this  quBBUini 
wete  (ormed  by  the  following  diiivuveriHs : — Kla]iroth,  Vanqnelin.  and  others  abowed  that 
•ngcHiita  ban  the  nainu  couipuiitioa  ■*  calc  spar,  whilst  the  tanner  belongs  to  tlie 
rbotubk  and  the  Ullxr  tu  the  heiagonal  syBtem,.  Haily  at  lint  considered  that  the  toiii. 
pokUion.  and  after  that  the  structure,  of  tlie  ahiuia  in  tlio  luuleculea  was  difTerent.  But 
•t  prWHiut  no  difference  in  the  reactions  of  Uie  two  Torietiee  of  culcium  carbonate  is 
known,  although  il  cannot  fai-  poaitirety  stated  that  uoiieeiiets  (very  few  researches  haYH 
Iwea  made  in  this  ilirectiniil.  Beudanl,  Fnuikenheim,  Laurent,  and  others  found  lliit 
thelonDBolOiB  two  iiitri's,  KNO.^  and  NoMOi,  uiacUy  Gorrenpaud  with  the  funn<  uf 
aragimite  and  rale  spar;  tlwlthey  are  alilu,  moceover,  Co  pass  from  one  form  into  anothur, 
and  llAl  the  difference  of  the  lorms  ia  accompanied  by  a  unull  alteration  of  the  angles, 
becaiue  the  angle  u!  tUe  prisma  olpotossituu  nitrate  and  aragouito  i>llu'  and  of  sodium 
iiilrut*  and  oolo  spar,  lltO^ ;  Olid  tberelora  dimorphism, or  tbe  crystoUisiLtion  of  one  substance 
in  dilhrenl  tonns,  diies  not  ensentially  proroko  a  grent  aJt«ratiou  In  tlie  distribution  of 
the  auileculiH,  although  it  clearly  exists,  Tlie  tvseorchee  ot  ITiliwhwlich  (ixgu)  on  the 
dimorphiim  ot  sulphur  conflnued  this  ooni'Inaiou,  althongh  it  cannot  yet  be  affinned  that 
in  diniorpbisni  the  ornuigenieiit  of  the  atoms  remains  nnolteied.  and  tliat  oidy  the 
iRotecule*  ore  divtiibnted  aiDereutly,  Leblanc,  Berthier,  WoUostoii,  and  other*,  already 
kiiew  that  many  mbstancea  ol  different  comi>o<ition  appear  in  the  aiune  Coriiis,  and 
rrjutallise  together  in  one  crystal.  Gay-Lussae  ^IHIOI  allowed  that  cryHtals  of  potasli  alum 
eoaUnDe  to  grow  in  a  solution  of  amniontA  alum.  Bendaut  (IHIT)  explained  this  plieuu- 
uimoB  by  the  ainmitaliun  ol  a  foreign  substance  by  a  substance  having  a  great  lorceof 
cr7«litlliBiion,  wliidi  lie  confirmed  by  man;  natural  and  artificial  examples.  But 
Mitseheilich,  and  alleiwanls  Bercelius  and  Henry  Rose  and  atbers,  abowed  that  aucb  an 
aaaimiUtion  only  eiiata  with  a  similoritf  or  nearness  of  the  lorma  ol  tbe  iiidiriduol  eab- 
•tonMs.  and  with  a  certain  itegree  of  chemival  analogy.  Thus  was  established  the  idea 
M  00  analogy  ot  lorms  by  maaon  of  a  leaemblance  ol  atomic  compnsitiDn, 
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TW  -^^W^^mhI  ssimpKcity  expressed  by  the  exact  laws  of  crystal- 
>»rM  fv*H^  ^:vy<^^l  llHMttseives  in  the  aggregation  of  the  atoms  to  form 
wsnVv>*s^     M^>Ww  <*s  there,  there  are  but  few  forms  which  are  essen- 

%<^$  >\  ^k  >k<wx  <^\^^Uiu«Hl  th«  variability  of  the  composition  of  a  number  of  minerals  as 
^>«Mvv) t^iKMjM  iMiXluvts*.  Thus  all  the  garnets  are  expressed  by  the  general  formula: 
vHv^\n\1,.vS\^vV,v.  >«fUt»r©  R»Ca,  Mg,  Fe,  Mn,  and  M  ■»  Fe,  Al,  and  where  we  may  have 
iiisUw.v)  K  *iU\i  M  ««>|1^unlWly,  or  their  equivalent  compounds,  or  their  mixtures  in  all  possible 

Uul  v4hor  faolH«  which  render  the  correlation  of  form  and  composition  still  more  com- 
|vKvVx  Ww  «vwuuiulated  side  by  side  with  a  mass  of  data  which  may  be  accounted  for  by 
«^iiuUiuv^  lh«>  iHHUHtptions  of  isomorphism  and  dimorphism.  Foremost  among  the  former 
ii(t4uU  ihv  )\li^niuueua  of  homeomorphism — that  is,  a  nearness  of  forms  with  a  difference 
of  v\uu|H^itiiut — and  then  the  cases  of  polymorphism  and  hemimorphism — that  is,  a 
tvm^ruviuk  of  tho  fundamental  forms  or  only  of  certain  angles  for  substances  which  are 
UiMfcV  iu-  aualo^>UH  in  their  composition.  Instances  of  homeomorphism  are  very  numerous. 
Mau\,  howovor,  may  be  reduced  to  a  resemblance  of  atomic  composition,  although  they 
Uo  Uiti  oorrtmpond  to  an  isomorphism  of  the  component  elements ;  for  example,  CdS 
U'rtH»um'kiUO  »uid  Agl,  CaCOj  (aragonite)  and  KNO5,  CaCOs  and  NaNOj,  BaS04  (heavy 
itl»u»*^,  KMuO^  (i>otHssium  permanganate), -and  KCIO4  (potassium  perchlorate),  Al^Oj 
(iHtru)uhini)  luid  FeTiOj  (titanic  iron  ore),  FeS^  (marcasite,  rhombic  system)  and  FeSAs 
^arm^nictvl  pyrites),  NiS  and  NiAs,  &c.  But  besides  these  instances  there  are  homeo- 
inorphoiiH  substances  with  an  absolute  dissimilarity  of  composition.  Many  such  instances 
wurtJ  )H>int(Hl  out  by  Dana.  Cinnabar,  HgS,  and  susannite,  PbSO^SPbCOs,  appear  in 
>  vt«ry  analogous  crystalline  forms ;  the  acid  potassium  sulphate  crystalHses  in  the  mono- 
t'linio  HyMttMu  in  cr>'stals  analogous  to  felspar,  KAlSijOa ;  glauberite,  Na.2Ca(S04)2, 
uugitts  USiOg  (R  -.  Ca,Mg),  sodium  carbonate,  NaaCO3,10H2O,  glauber  salt,  Na2S04,l«HaO, 
uiid  b(mix  Na-jBrOvflOH^O,  not  only  belong  to  the  same  system  (monoclinic)  but  exhibit 
iin  analogy  of  combinations  and  a  nearness  of  corresponding  angles.  These  and  many 
<»th«'r  HJiuilar  cases  might  appear  to  be  perfectly  arbitrary  (especially  as  a  nearness  of 
angles  and  fundamental  forms  is  a  relative  idea)  were  there  not  other  cases  where  a 
itmoniblance  of  properties  and  a  distinct  relation  in  the  variation  of  composition  is  con- . 
ntH't*»d  with  a  resemblance  of  form.  Thus,  for  example,  alumina,  AI.2O3,  and  water,  H.^O, 
are  frecjuently  found  in  many  pyroxenes  and  amphiboles  which  only  contain  silica  .and 
magnesia  (MgO,  CaO,  FeO,  MnO).  Scheerer  and  Hermann,  and  many  others,  endeavoured 
tt)  explain  such  instances  by  ^oZymer/c  isomorphism,  stating  that  MgO  may  be  replaced 
by  aHjO  (for  example,  olivine  and  serpentine),  SiOj  by  AI2O5  (in  the  amphiboles,  talcs), 
and  so  on.  A  certain  number  of  the  instances  of  this  order  are  subject  to  doubt,  because 
many  of  the  natural  minerals  which  served  as  the  basis  for  the  establishment  of  poly- 
meric isomorphism  in  all  probability  no  longer  present  their  original  composition  but 
one  which  has  been  altered  under  the  influence  of  solutions  which  have  come  mto  contact 
with  them,  and  which  therefore  belong  to  the  class  of  pseud oinorphs,  or  false  crystals. 
There  is,  however,  no  doubt  of  the  existence  of  a  whole  series  of  natural  and  artificial 
homeomorphs,  which  differ  from  each  other  by  atomic  amoimts  of  water,  silicas,  and  some 
other  components  parts.  Thus,  Thomsen  (1874)  showed  a  very  striking  instance.  The 
metallic  chlorides,  RClj,  often  crystallise  with  water,  and  then  they  do  not  contain  less 
than  one  molecule  of  water  per  atom  of  chlorine.  The  most  familiar  representative  of 
the  order  RC1.2,2H20  is  BaC1.2,2H20,  which  crystallises  in  the  rhombic  system.  Barium 
bromide,  BaBr2,2H.20,  and  copper  chloride,  CuCl2,2H20,  have  nearly  the  same  forms ; 
potassium  iodate,  KIO.^ ;  potassium  chlorate,  KCIO4  •  potassium  permanganate,  KMn04 ; 
barium  sulphate,  BaSO^ ;  calcium  sulphate,  CaSO^  ;  sodiimi  sulphate,  Na2S04 ;  barium 
formate,  BaC2H204,  and  others,  have  almost  the  same  crystalline  form  (of  the  rhombic 
system).  Parallel  to  this  series  is  that  of  the  metallic  clilorides  containing  RCl2,4HoO, 
of  the  sulphates  of  the  composition  RS04,2H20,  and  the  formates  RC2H204,2H20. 
These  compomids  belong  to  the  monoclinic  system,  have  a  close  resemblance  of  form,  and 
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tially  different,  and  their  observed  diversity  I'ptluces  itself  into  a.  few 
fuDtbunental  difiei-ences.     Tliere,  the  molecules  aggregate  themselves 


differ  from  tlie  flrat  aerieB  by  mnlaining  tira  mare  molecDka  oF  water.  The  oddilioii  of  two 
more  molecolei  of  water  in  all  Uie  above  aerieB  also  givea  (omu  of  the  aionoGlinio  system 
cloKlf  rewmbliii);  eacli  other;  fur  examplo,  HiC1„HH,0  and  MnS0,.4H,0.  Uente  we 
tee  that  not  only  n  RCl,,aHiO  uinloKoDt  in  fqrm  to  R»0,  and  RC^HjO^,  but  thnt  tbeir 
aimpnnndE  with  UHjO  and  with  4H,0  also  eibibil  clmely  unalogoau  rormi.  If  we  take 
awaT  khe  eleineiitii  R  and  Oj  conunnu  bo  all  thene  iinnpoandih  it  appears  that  the  form 
remaink  aucluui)|ed,  with  Ibe  eubitinitian  ol  Cl^i  by  SOj  and  CiH.jO,.  An  example  ol 
iHHDeoniorphiinn  unnnK  the  i:hloTideB  is  alw>  aeun  In  the  vloue  resemblance  of  the  lortne 
at  the  heugoaal  h jdnitKil  ehlorides  □!  ciUcitun  and  atrontium,  and  of  tbe  donble  cbloridcB. 
Tbn*.  ia  CaCI^ORjO  and  SrCli,OH.,0  the  ntia  of  the  vertiva  to  the  horizontal  axio  ii  a* 
O'lM  :  1,  and  ae  0  fiOB  :  ],  and  the  angle  of  the  rhombiihBdra  ^128°  1'  and  138°  V;  and 
in  auch  MmponiidiF  as  NiPlClj,nH,0,  MgSnPg,IIH,0,  ZnSnPg,Il,0,  *c„  the  ratio  of  the 
•im  i>  from  0-60«  lo  0-5111 :  1,  and  tlie  aiiRle  of  tbe  rhombohedta  from  131"  to  138°  17', 
From  these  examples  il  in  evident  that  tbe  oondiliona  which  determine  a  given  (orm  may 
be  repeated  not  only  in  tlie  preBence  o[  on  isomorpbons  eicluuige — that  it,  with  au  equal 
number  of  atomK  in  the  molecule — but  also  in  tlie  presence  of  au  unequnl  number  wbpn 
Uiere  are  peculiar  and  as  yet  ungenerahsod  relatione  in  composition.  Thus,  ZnQ  and 
AI]Oi  exhibit  a  close  aualoKy  of  lomi.  Both  ocides  belong  to  tbe  rbombohedral  syelsin, 
and  the  angle  between  the  pyramid  and  the  termino!  plane  of  the  first  iallB"  7' and  of  the 
■econd  IIB^  *D'.  Alamina,  Al,Oj,  ia  also  analogous  in  form  to  BiO,.  and  we  shall  see 
that  tliBHe  analogies  ol  lomi  are  conjoined  with  a  certain  analogy  in  properties.  It  ia 
not  snrpriidng,  Iherefore.  that  in  the  compleji  molecule  of  a  silicaona  compound'  it  ia  \ 
•oroetimos  [»iBaible  lo  replace  SiOi,  by  means  ot  Al,Os,  as  Schoorec  admits.  The  oiidee 
Co.A  MgO.  NiO,  FejOj,  CeOj,  cryalalliw  in  the  regular  system,  althongb  they  ore  of 
very  different  atomic  etructure.  Morignao  demonstrated  the  perfect  analogy  of  the 
rorma  of  KiZrF,  and  CaCO,,  and  the  former  is  even  dimorphous,  like  the  calcium  car- 
bonate.  The  some  salt  ia  ixomorphous  with  lUXhOFj  and  BjWO^,,  where  It  is  au 
■Ikali  niettLl.  There  is  an  equivalency-  between  CoCO,  and  K,ZrF„  because  R-j  it 
•Hjuivalent  to  Ca,  C  lo  Zr.  and  Fg  to  Oj.  and  with  the  igomotphiam  of  the  other  two  salts 
we  Gild  beaidea  au  equal  conteuta  of  the  alkali  metal — an  equal  niuuber  of  atoms 
on  the  one  hand  and  an  analogy  to  the  proportiee  ol  KjZrF^  on  the  other.  The  long- 
knnwn  isomorphism  ol  tbe  corresponding  compounds  of  potaanium  and  amuioniutn,  KX 
and  NH,X,  may  be  taken  ae  the  umplest  example  ol  tlie  fact  that  an  analogy  of  form 
shows  itself  with  an  analogy  of  chemical  reaction  even  without  an  equality  in  atomic 
Composition.  Therefore  the  ultimate  progress  of  tlie  entire  doctrine  of  the  corrthitioii 
ol  compotitioD  and  crystalline  forma  will  only  be  artived  at  with  the  accumulation  of  a 
anfficiml  number  ollacts  collected  on  a  plan  corresponding  witli  the  problems  which 
hare  present  themselves.  The  fiiat  steps  have  already  been  made.  Tlie  researches  ol 
the  Gnnsia  uvaut,  Marignac,  un  tho  crystalline  form  and  composition  of  many  of  the 
double  flnnrides,  and  the  work  of  W yrubofl  on  the  ferricyanidee  and  other  compounds, 
are  particularly  important  in  Ibie  respecL  It  ia  already  evident  that,  with  a  definite 
change  ol  composition,  certain  angles  remain  constant,  notwithstanding  that  others  are 
■nbjeot  to  a  great  alteration.  Such  an  instance  ot  the  relation  ol  lotnia  was  obeeived  by 
Lsurent,  and  nanied  tifmimorpliUm  (au  anomalous  tartn)  by  liim  when  tbe  analogy  is 
limited  lo  certain  angles,  and  paranmriAunn  wbeu  the  forms  in  general  approach  each 
other  but  belong  to  different  systema.  Bo,  for  example,  th«  angle  ol  the  planes  of  a 
rliombohedra  may  be  greater  or  leas  than  OV,  and  therefore  such  af  nle  and  obtuse 
rhomlHtbedca  may  approach  very  ■>'■>'  to  the  cube.  Hanamaimite,  Un^Oi.  belonga  to 
the  letragonal  •ystem,  and  the  planea  of  ila  pyniutid  are  incliaed  at  an  angle  ot  about 
118'',  whilst  magnetic  iruii  ore,  Fe.iOf,  whicli  reaembles  haoamamiite  in  many  respects, 
aptwars  in  rvjrnlar  octahedral— that  is,  pyramidal  planes  are  inclined  at  an  angle  of 
100°  Vi'.    This  is  an  eiuunple  ot  paramnrphlsm  ;  the  nyHlemB  are  different,  Ibe  compoai- 
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into  crystalline  forms ;  here,  the  atoms  aggregate  themselves  into  mole- 
cular forms  or  into  the  types  of  compounds.  Here  as  there,  the  funda- 
mental crystalline  or  molecular  forms  are  liable  to  variations,  conjunc- 
tions, and  combinations.  If  we  know  that  potassium  gives  compounds 
of  the  fundamental  type  KX,  where  X  is  a  univalent  element  (which 
combines  with  one  atom  of  hydrogen,  and  is,  according  to  the  law  of 
substitution,  able  to  replace  it),  then  we  know  the  composition  of  its 
compounds:  KA  KHO,  KCl,  NH^K,  KNO3,  KjSO^,  KHSO4, 
KQMg  (804)2,  GHjO,  «fec.  All  the  possible  derivative  crystalline  forms 
are  not  known.  So  also  all  the  atomic  combinations  are  not  known 
for  every  element.  In  the  case  of  potassium,  KCH3,  K3P,  K4Pt, 
and  other  like  compounds  which  exist  for  hydrogen  or  chlorine,  are 
unknown. 

Only  a  few  fundamental  types  exist  for  the  building  up  of  atoms 
into  molecules,  and  the  majority  of  them  are  already  known  to  us.  If 
X  stand  for  a  univalent  element,  and  R  for  an  element  combined  with 
it,  then  eight  atomic  tyj^es  may  be  observed — 

RX,  RXj,  RX3,  RX4,  RXj,  RX^  RX7,  RX^. 

Let  X  be  chlorine  or  hydn>gen.  Then  as  examples  of  the  first  type 
we  have  :  H^,  Cl^,  HCl,  KCl,  NaCl,  *fcc.  The  compounds  of  oxygen  or 
ralciuin  may  servo  «u<  examples  of  the  type  RX^  :  OH2,  OCI2,  OHCl, 

tittiiM  ur(«  auulo^ouH,  aiul  thert«  itt  *  iH«rtaiii  r^semblauce  in  form.     Hemimorphism  has 
been  fitinul  in  nmny  inHtancvH  of  Halino  and  other  substitutions.     Thus,  Laurent  demon- 
btruted,  (iud  llintKe  contlrnuHl  ^1873\  that  naphthalene  derivatives  of  analogous  compo- 
sition art)  hemimorphoUB.     Nioklos  (lt<4D)  nliowed  that  in  ethylene  sulphate  the  angle  of 
the  prism  is  Viy  20',  and  in  tho  nitrtite  of  the  8*uue  radicle  Idb^  i)o'.     The  angle  of  the 
prism  of  methylaminu  oxalate  is  IHl^  ^',  and  of  fluoride,  which  is  very  different  in  com- 
position from  tlvt)  formt»r,  thi*  anjjlo  is  183  \     Groth  (1870)  endeavoured  to  indicate  in 
general  what  kinds  of  changt^  of  form  proceeds  witli  the  substitution  of  hydrogen  by 
various   t>thor   eU«ments  and  gn>up»,  and   he  observed  a  regularity  which  he  termed 
iHorphotropy.   The  following  exiunples  show  that  morphoUx>py  recalls  the  hemimorphism 
of  Laurent.     Benzene,  CoH,,.  rhombic  system,  ratio  of  axis  0*891  :  1  :  0-799.     Phenol, 
^'6^5(011),  and  resorcinol,  C'oll^^OH).},  also  rhombic  system,  but  the  ratio  of  one  axis  is 
changed— thus,  in  resorcinol,  0*910  :  1  :  0*540  ;  that  is,  a  portion  of  the  crystalline  struc- 
ture in  one  direction  is  the  same,  but  in  the  other  direction  it  is  changeil,  whilst  in  the 
rhombic  system  dinitrophenol,  CeH.^(NO.j).i(OH)  =  0  8iJ3  :  1  :  0*753;  trinitrophenol  (picric 
acid),  CeH...(NO)5(OH)  =  0*937  :  1  :  0*974  ;  and  the  potassium  salt  =  0*942  :  1  :  1*354.    Here 
the   ratio   of    the   first    axis    is    preserved— that    is,    certain  angles   remain  constant. 
Laurent  likens  hemimorphism  to  architectural  style.     Thus,  Gothic  cathedrals  differ  in 
many  respects,  but  there  is  an  analogy  expressed  both  in  the  sum  total  of  their  common 
relations  and  in  certain  details.     It  is  evident  that  we  may  expect  many  fruitful  results 
for  molecular  mechanics  (which  forms  a  i)roblem  common  to  many  provinces  of  natural 
science)  from  the  further  working  out  of  the  data  concerning  those  variations  which  take 
place  in  crystalline  form  when  the  composition  of  a  substance  is  subjected  to  a  known 
change,  and  therefore  I  consider  it  useful  to  the  young  scientific  man  seeking  for  matter 
for  indeiwndent  scientific  nmearch  to  point  out  this  vast  field  for  work  which  is  presented 
by  the  correlation  of  f(.rm  and  comiKjsition.     The  geometrical  regularity  and  varied 
beauty  of  crystalline  forms  offer  no  small  attraction  to  research  of  this  kind. 
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CaO,  Cn(OH)j,  CaClj,  Ac.  For  the  third  type  RXj  we  know  the 
representative  NH,  and  the  corresponding  conapouiids  N3O3,  NO(OH), 
NO(OK),  PCI,.  PjOa,  PHj,  SbH,,  SbjOa,  Bfi^,  BC1„  Al,Oj,  ic. 
The  type  RX^  is  known  among  the  hydrogen  compounds.  Marsh  gas, 
CH,.  and  its  corresponding  saturated  hydrocarbons,  C„Hj„,s,  are  the 
best  representatives.  AJso  CH3CI,  CC1„  SiCli,  SnCl,,  SnOj,  C0„  SiOj, 
and  a  whole  series  of  other  compoundsi  come  under  this  elasfi.  The  type 
RXj  is  Jilao  already  familiar  to  us,  but  there  are  no  purely  hydrogen 
(.'Otnpounds  among  its  representatives.  Sal-ammoniac,  NH.iC'l,  and  the 
corresponding  NH,(OH),  NO,(OH),  ClOa(OK),  as  well  as  PClj, 
POClj,  Ac,  are  representatives  of  this  type.  In  the  higher  types  also 
there  ai-e  uo  hydrogen  compounds,  but  in  the  type  RXg  there  is 
the  chlorine  compound  WCIj,  However,  there  are  many  oxygen  com- 
pounds, and  among  them  SUj  ia  the  beat  known  representative.  To  this 
class  also  belong  SO,(OH)j,  SOjCij,  SOa(OH)CI,  CrOj,  A-c,  all  of  an 
acid  character.  In  general  of  the  higher  types  tliere  ai'e  only  oxygen 
and  acid  representatives.  The  type  BX,  we  know  in  perchloric  acid, 
Cl()g(OH),  and  potassium  permanganate,  Mn03(0K),  is  also  a  member. 
The  type  RX.  ia  very  rare,  osmic  anhydride,  OsO^,  is  the  best  known 
repi'espntative  of  it.  The  still  more  complex  combinations — which  are  so 
clearly  expressed  in  the  cry stallo -hydrates,  double  salts  and  like  com- 
pounds— although  they  may  be  reganled  us  imlependent,  are,  however, 
most  easily  underatoiid  with  our  present  store  of  knowledge  as  aggre- 
gations of  whole  molecules  to  which  there  are  no  cori'esponding  double 
compounds,  containing  one  atom  of  an  element  R  and  many  atoms  of 
other  elements  RX„.  The  abo^'e  types  embrace  all  cases  of  direct 
combinations  of  atoms,  and  the  formula  MgSO„7H,0  cannot,  without 
doing  violence  to  known  facts,  be  dii'ectly  deduced  from  tlie  types 
MgX.  or  SX„  whilst  the  formula  MgSO,  corresponds  both  with  the  lype 
ni  the  magnesium  compounds  MgX,  and  with  the  type  of  the  sulphui* 
compounds  SOjX,,  or  in  general  SXj,  where  Xj  is  replacerl  by  (OH).^, 
with  tiie  sul>stitution  in  this  case  of  H,  by  the  atom  Mg,  which  always 
replaces  Hj.^ 

*  HowBVrr.  one  cannot  but  reniiirk  that  Out  uidium  cr^iitallo-bydnlee  olltii  contain 
IOH,U.  the  magnenium  cryatftllo-hjaatps  fl  a-nd  7HaO,  and  that  the  typ«  PtM^  U 
pnipei  to  llie  dnable  salts  nf  platinum.  &c,  ^itb  tbe  farther  deretopnient  ol  imr  knon- 
todga  cOBoeming  (Tyatallo-hjdratuB,  doable  wlbi.  aJloyu,  aolutioDa.  Ac.  in  the  ehemieal 
mua  of  IMble  compntuids  {thiil  ia.  such  as  are  easily  deatrojed  b;  feeble  cheniicMl  infln- 
■noea)  it  will  protinbl;  be  poaniLlii  to  airivu  at  a,  perfect  ^eneiAliaatiou  loc  them.  Fur  the 
preaent  these  aabjecta  have  oiilf  biwu  studied  by  the  viay  or  by  chuice.  our  Imowledira 
III  ihein  ia  accidental  and  destitute  of  HyHtam,  itud  therefore  it  ia  imi>oseiLIe  tu  expect  *a 
j(4  any  gancraliBation  an  to  (li«tr  natuie.  The  daye  of  Qcrhudt  are  not  long  paet  whuu 
only  thipe  typea  were  recogniaedi  BX.  HXg.  iind  HX^;  tile  iyl*v  HX^  was  afterwarda 
tidd*<l  fby  Cooper,  Kekoh',  BiltleroS,  aiul  olherH),  miunly  tur  thepnrpuu  ol  gsuenliung 
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The  four  lower  types  RX,  RX,,  RX3,  and  RX4  are  met  with  in 
compounds  of  the  elements  R  with  chlorine  and  oxygen,  and  also  in 
their  compounds  with  hydrogen,  whilst  the  four  higher  types  only 
appear  for  such  acid  compounds  as  are  formed  by  chlorine,  oxygen,  and 
like  elements. 

Among  the  oxygen  compounds,  the  saline  oxides  which  are  capable 
of  forming  salts  either  through  the  function  of  a  base  or  through  the 
function  of  an  acid  anhydride  attract  the  greatest  interest  in  every 
respect.  Certain  elements,  like  calcium  and  magnesium,  only  give  one 
saline  oxide — for  example,  MgO,  corresponding  with  the  type  MgX^. 
But  the  majority  of  the  elements  appear  in  several  such  forms.  Thus 
copper  gives  CuX  and  CuXj,  or  CujO  and  CuO.  If  an  element  R 
gives  a  higher  type  RX„,  then  there  often  also  exist,  as  if  by  symmetry, 
lower  types  RX„_2,  RX,^4,  and  in  general  such  which  differ  from  the 
type  RX«  by  an  even  number  of  X.  Thus  in  the  case  of  sulphur  the 
types  SXj,  SX4,  and  SXg  are  known — for  example  SH2,  SO2,  and 
SO3.  The  last  type  is  the  highest  SXg.  The  types  SX5  and  SX3  do 
not  exist.  But  even  and  uneven  types  sometimes  appear  for  one 
and  the  same  element.  Thus  the  types  RX  and  RX2  are  known  for 
copper  and  mercury. 

Among  the  saline  oxides  only  the  eight  types  enumerated  below 
are  known  to  exist.  They  determine  the  possible  formulae  of  the  com- 
pounds of  the  elements,  if  it  be  taken  into  consideration  that  an 
element  which  gives  a  certain  type  of  combination  may  also  give 
lower  types.  For  this  reason  the  rare  type  of  the  suboxides  or 
quaternary  oxides  R^O  (for  instance,  Ag40,  Ag>Cl)  is  not  characteris- 
tic ;  it  is  always  accompanied  by  one  of  the  higher  grades  of  oxidation, 
and  the  compounds  of  this  type  are  distinguished  by  their  great 
chemical  instability,  and  split  up  into  an  element  and  the  higher  com- 
pound (for  instance,  Ag40=2Ag-f  Ag20).  Many  elements  beside  this 
form  transition  oxides  whose  composition  is  intermediate,  and  which  are 

the  data  respecting  the  carbon  compoundH.  And  indeed  many  are  still  satisfied  with  these 
types,  and  derive  the  higher  types  from  them — for  instance,  RX5  from  RX5,  as,  for 
example,  POCI3  from  PCI5,  considering  the  oxygen  to  be  bonnd  both  to  the  chlorine  (as  in 
HCIO)  and  to  the  phosphorus.  Bat  the  time  has  now  arrived  when  it  is  clearly  seen  that 
the  forms  RX,  RXq,  RX3,  and  RX4  do  not  exhaust  the  whole  variety  of  phenomena.  The 
revolution  became  evident  when  Wiirtz  showed  that  PCI5  is  not  a  compound  of  PCI5  +  Clt, 
although  it  may  decompose  into  them,  but  a  whole  molecule  capable  of  passing  into 
vapour,  PCI5  like  PF5  and  SiF4.  But  in  my  opinion  the  time  will  come  for  the  recogni- 
tion of  types  still  higher  than  RXg.  In  confirmation  of  this  opinion  I  cite  certain  facts 
in  the  further  exposition  of  this  work.  Oxalic  acid,  C2H2O4,  gives  a  crystallo-hydrate 
with  SH.jO,  but  it  may  be  referred  to  the  type  CH4,  or  rather  to  the  type  of  ethane, 
C.^Hg,  in  which  all  the  atoms  of  hydrogen  are  replaced  by  hydroxyl,  C2HaO|2H20 
-Q,{OH)a. 
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le,  like  N.jC)^,  to  split  up  into  the  lower  and  higher  oxides.     Thus 
u  gives  magnetic  oxide,  FejO,,  which  13  in  nil  respects  (by  its  re- 
actions) a  compound  of  the  suboxide  FeO  with  the  oxide  FojOj,     The 

indBpendent  and  more  or  less  stable  saline  compounds  correspond  with 

the  following  eight  types  :^ 

R,0  ;  salts  RX,  hydroxides  ROH.  Generally  basic  like  KjO,  NajO. 
HgjO,  AgjO,  CugO  ;  if  there  are  acid  oxides  of  this  compoBitioti 
they  are  very  rare,  are  only  formed  by  distinctly  acid  elements, 
and  even  then  have  only  feeble  acid  properties  ;  for  example,  CljO. 

RjO,  or  RO  ;  salts  RX^,  hydroxides  R(OH);,.  The  most  aiiiiple  basic 
salts  RjOX,  or  R(OH)X ;  also  an  almost  exclusively  basic  type, 
but  the  basic  properties  are  more  feebly  developed  than  in  tb«  pre- 
ceding type.    For  example,  CaO,  MgO.BaO,  PbO,  FeO,  MnO,  &c. 

R,Oj  ;  aalta  RXj,  hydroxides  R{0H)3,  BO(OH),  the  most  simple  basic 
salts  R<:>X,  R(OH)X,.  The  bases  are  unenergetic,  like  AljO,, 
FejOj,  TljO,,  SbjOj.  The  acid  properties  are  also  feebly  developed  ; 
for  instance,  in  B^O,,  but  with  the  non-metals  the  properties  of 
acids  are  already  clear,  for  instance  PjOg,  PfOH),. 

R/»«orRO,  ;  salts  RX,  or  EOX„  hydroxides  R{6h)„  Il()(OH),. 
Rarely  bases  {feeble),  like  ZrO.j,  PtO,  ;  mora  often  acid  oxides, 
but  the  acid  propfrties  are  in  genera!  feeble,  us  in  COj,  SOj, 
^nO.j.  ^lany  intermediate  oxides  appeiir  in  this  and  the  precepting 
and  the  following  types. 

B,Og;  salts  principally  of  the  types  RuX„  RO,X,  EO(OH)g. 
ItO,(OH)  rarely  RXj.  The  basic  character  (X,  a  halogen, 
simple  or  compiex^for  instance,  'SO^,  CI,  ic.)  is  feeble  ;  the  acid 
character  predominates,  as  is  seen  in  NjOj,  PjOj,  CljO,,  ;  then 
X=OH,  OK,  ic,  for  example  NO,(OK). 

Xt,Oj  or  ROg  ;  salts  and  hydroxides  generaUy  of  the  type  ROjXj, 
RO,(OH),.  Oxides  of  an  acid  character,  as  SO,,  CiOa,  MnO,. 
Basic  properties  rare  and  feebly  developeii  as  in  UO^. 

B,0, ;  salts  of  the  form  RfJ^X,  R03(OH),  acid  oxides— for  instance, 
CljUn  Mn,f);.  Basic  properties  as  feebly  developed  as  the  acid 
properties  in  the  oxides  RjU. 

RjO.   or    RO,.     A    very  rare    ty[ie,   and   only   known    in    (IsO,    and 
RuO,. 
It  is  evident  from  the  circumstance  that  in  all  the  higher  types  the 

acid  hydroxidfg  and  salts  with  one  atom  of  an  element  contain,  like 
tb©  higher  saline  type  R0„  not  mo-ri:  than  four  atoms  of  oxygen, 
that  the  formation   of   the  saline  oxides  is  governed    by   it    certain 

common  principle  which  ia  best  looked  for  in  the  properties  yf  oxygen 
itaelt     Tlie  hydiate  of  tlie  oxide  HO,  is  of  the  higher  type  ROj2HsO= 
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RH40i=R(H:0)|.  Such,  for  example,  la  the  hydrate  of  silica  jmd  the 
salts  (orthosilicates)  correspoading  with  it,  Si(MO),.  The  oxide 
R,Os  corresponds  with  the  hydrate  RjOs3HgO=2RH304=2RO(OH).,. 
Sach  is  orthophosphoric  acid  PHjO^,  The  hylrate  of  the  oxide  RO3 
is  R03HjU=KHjO,=R02{OH)j— for  instance,  sulphuric  acid.  The 
hydrate  corresponding  to  R^O,  is  evidently  RHO,=ROg(OH)— for 
example,  perchloric  acid.  Here,  besides  containing  O^,  it  must  farther 
be  remarked  that  Out  atnownt  iif  hydrogen  in  the  hydrate  is  equal  to 
tlie  amount  of  hydroijen  in  tlm  hydrogen  compound.  Thus  silicon 
give  SiH^  and  8iH,0„  phosphorus  PH,  and  PHaO,,  sulphur  SH,  and 
SHjO^,  chlorine  CIH  and  CIHO,.  This,  if  it  does  not  explain,  at  least 
ootuiectB  in  a  harmonious  and  general  system  the  fact  that  the  elenieiil* 
are  capable  0/  coinbirtinff  tcilh  a  yrealer  amount  of  oiryijer^  ihv  leg»  lii« 
amount  o/hydroijeii,  vkirh  th^y  are  uliln  to  retain.  In  this  the  key  to 
the  comprehension  of  all  further  deductions  Tnust  be  looked  for,  and 
therefore  we  will  formulate  this  rule  in  geneml  terinB.  An  element 
R  gives  a  hydrogen  compound  BH„  the  hydrate  of  its  higher  oxide 
will  be  BH„0,,  and  therefore  the  higher  oxide  will  contain 
2KE.fi i-riKjO='Rfi^„.  For  example,  chlorine  gives  CIH,  hy- 
drate CIHO,,  and  the  higher  oxide  CljO,.  Tliua  carbon  gives  CH, 
and  CO,.  So  also,  SiO,  and  SiH,  are  the  higher  compounds  of  silicon 
wliji  hydrogen  and  oxygen,  like  CO3  and  CHj.  Here  the  amounts  of 
oxygen  and  hydrogen  are  equivalent.  Nitrogen  combines  with  a  largo 
amount  of  oxygen,  forming  NjO-„  hut  on  the  other  hand  with  a  small 
quantity  of  hydrogen  in  NHj.  The  sum  o/tlin  eqvivahntt  of  hydrogen 
and  oxygen,  occurring  in  combination  with  an  atom  of  nitrogen,  is,  as 
always  in  the  higher  types,  equal  to  eigiit.  It  is  the  same  with  the 
other  elements  which  combine  with  hydrogen  and  oxygen.  Thus 
sulphur  gives  SO^ ;  consequently,  six  equivalents  of  oxygen  fall  to  an 
atom  of  sulphur,  and  in  SHj  two  equivalents  of  hydrogen.  The  sum 
is  again  equal  to  eight.  The  relation  between  Cl^O,  an<l  CIH  is  the 
same.  This  shows  that  the  property  of  elements  of  combining  with 
sucli  different  elements  as  oxygen  and  hydrogen,  is  subject  to  one 
common  rule,  which  is  idso  formulated  in  the  system  of  the  elements 
presently  to  be  described.' 

In  the  preceding  we  see  not  only  the    I'egularity  and  simplicity 

'  Tbe  hydrogen  cimipiiiuirla,  R,H,  in  wioititlem'j  t-uirtaiioud  with  [be  type  of  tile 
«nlH)iid«B,  E,0.  Fitlliutiain,  sodiain  nurl  potKiiBiiiin  ^ve  BimiUr  hydrogen  cauiponndH. 
mil  ib  U  wDTthy  nt  niniiirk  t)iat  nccordine  bo  the  periodic  nystem  tbeae  eli'inentd  aluiid 
n»u  to  each  otlier,  uid  that  in  thnae  gronps  where  tlie  hydrr>);eii  iwrnponndH  B^H  ap]ieiir, 
the  [|u*teriuu7  oxidaB  RiO  me  Kino  present. 

Not  vriihing  In  eoiupliante  the  eipontton,  I  here  only  loaoh  an  tlie  goniTiU  lutttureii 
ut  the  relalioii  hj'lween  the  hydrates  uid  oxidea   mid  o(  iUe  oiidea  among  thtmnohei'. 
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wlijch  ^vem  the  formation  and  properties  of  tlie  oxides  and  of  all  the 
fouipounds  of  the  elements,  but  also  a  fresh  and  exact  means  for 
recoj^tiiaing  *  tLe  analogy  of  elements.  Analogous  elements  give 
compounds  of  analogous  types,  both  higher  iind  lower.  If  CO,  and 
SO,  are  two  gases  which  closely  rcaemble  each  other  both  in  their 
physicnl  and  chemical  properties,  the  reason  of  this  must  not  be 
looked  for  in  an  analdjty  of  sulphur  and  carlron  ;  but  it  lies  in  that 
identity  of  the  type  of  combination,  RX,,  in  which  both  oxides  appear, 
iind  in  that  influence  which  a  large  mass  of  oxygen  always  exerts  on 
the  properties  of  its  compounds.  In  fact,  there  is  little  resemblance 
between  carbon  and  sulphur,  as  is  seen  not  only  from  the  fact  that 
COj  is  the  higher  /wm  of  OKidatipn,  whilst  SO,,  is  jible  to  further 
■>xidi5e  into  SOj,  but  also  from  the  fact  that  all  the  other  compounds — 
for  example,  SHj  and  CH,.  SClj  and  OCl^,  ic— are  entirely  unlike 
lioth  in  type  and  in  chemical  propertiea.  This  absence  of  analogy  in 
carbon  and  sulphur  is  clearly  expressed  in  the  fact  that  the  highfir 
oxides  are  of  different  composition,  CO,  for  carbon,  and  SO3  for  sulphur. 
The  halogens,  which  are  analogous,  give  both  like  higher  and  lower 
t^omjKiunds.  So  also  do  the  metals  of  the  alkaline  earths  and  of  the 
alkalis.  Many  such  groups  of  analogous  elements  hare  long  been 
known..  Thus  there  are  analogues  of  oxygen,  nitrogen,  and  carbon, 
jind  we  shall  meet  with  many  such  groups.  But  an  acquaintance  with 
them  involuntarily  leads  to  the  questions,  what  is  the  cause  of  analogy 
and  what  is  the  relation  of  one  group  to  another  1  If  these  questions 
remain  unanswered,  it  is  easy  lo  fa.!l  into  error  in  the  formation  of  the 
groups  because  the  notions  of  the  degree  of  analogy  will  always  be 
relative,  and  will  not  present  any  accuracy  or  distinctness.  Thus 
lithium  is  analogous  in  some  respects  t«  potassium  and  in  others  to 
magnesium  ;  or  beryllium  is  analogous  to  both  aluminium  and  magiie- 
luum.  In  thallium,  as  we  shall  afterwarils  see  and  as  was  observed  on 
ita  discovery,  thei-e  is  much  in  kindred  witli  lead  and  mercury,  but 
some  of  ita  properties  appertain  to  lithium  and  potassium.  Natui-ally. 
whei-e  it  is  impossible  to  make  measurements  one  is  involuntarily 
obliged  to  limit  oneself  to  approximation  or  comparison,  founded  on 

Thiu.  for  instanci^.  the  mnpoptim  of  the  orlho-ncidi  and  nf  the  nomuil  lu-hia  will  be  con- 
sidered in  opeskJDg  of  phosphoric  uu)  plionphoroiiK  ocida, 

As  in  Uw  farlher  eiponition  of  Ihe  ppritidio  law  oiiljtlioKe  oxide*  irhicb  tpTB  aaiu  will 
be  nmsiilrnnl.  I  Uiinh  it  will  not  be  superfluous  lo  here  mention  the  following  itiVta  lela- 
Uve  (D  the  peroiidet.  Of  the  pirroaiidet  corrMponding  with  hjdrotjiiu  p«toxide,  the  tol- 
lowing  are  at  presvnt  kaowa :  HfOi,  IJsgO,,  S.,0,  (w  HSO,  ?),  K^O,.  Kfi.^  CaO],  TiOg, 
^CrsOr.  CoOilTI,  Hb50:,.SrO„  AgjO„  CnOv,  C»jO^  BaOj  and  MO,.   It  is  [rrohahlH  that  the 

I  pariodicity  is 


tbow  n 


r  known  bamnsa  tlie 


&.jO,  furm  pcroiides.  and  Uun  Ihe  elaa 
]f  incliiMd  to  fnm  pvroiidM. 


snta  (eicopting  Li)  of  the  finrt  group,  whioh  gives 
it  the  Fourth  group  teom  also  to  be  partisn- 
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apparent  signs  which  are  not  distinct  and  are  void  of  exactitude.  But 
in  the  elements  there  is  one  accurately  measurable  property,  which  is 
subject  to  no  doubt — namely,  that  property  which  is  expressed  in  their 
atomic  weights.  Its  magnitude  indicates  the  relative  mass  of  the  atom, 
or,  if  we  avoid  the  conception  of  the  atom,  its  magnitude  shows  the 
relation  between  the  masses  forming  the  chemical  and  independent 
individuals  or  elements.  And  according  to  the  sense  of  all  our  physico- 
chemical  data,  the  mass  of  a  substance  is  that  property  on  which  all  the 
remaining  properties  of  matter  must  be  dependent,  because  they  are 
all  determined  by  similar  conditions  or  by  those  forces  which  act  in 
the  weight  of  a  substance,  and  this  is  directly  proportional  to  the  mass 
of  a  substance.  Therefore,  it  is  most  natural  to  seek  for  a  depend- 
ence between  the  properties  and  analogies  of  the  elements  on  the  one 
hand  and  their  atomic  weights  on  the  other. 

This  is  the  fundamental  idea  which  leads  to  arranging  all  the 
elements  according  to  their  atomic  weights,  A  repetition  of  properties  is 
then  immediately  observed  in  the  periods  of  the  elements.  We  are 
already  familiar  with  examples  of  this — 

F  =19,  Cl=35-5,  B  =80,  I  =127 

Na=23,  K  =39,  Rb=85,  Cs=133 

Mg=24,  Cu=40,  Sr=87,  Ba=l37. 

The  substance  of  tlie  matter  is  seen  in  tliese  groups.  The  halogens 
have  smaller  atomic  weights  than*  the  alkali  metals,  and  the  latter 
than  the  metals  of  the  alkaline  earths.  Therefore,  if  all  the  elements 
he  arranged  in  the  order  of  their  atomic  weights  a  jieriodic  rejyetitian 
of  jyrojyerties  is  obtained.  This  is  expressed  by  the  laio  of  periodicity  ; 
the  projyerties  of  the  elements,  as  well  a^  the  forms  and  properties 
of  their  compounds,  are  iii  jyeriodic  dei>endence  or,  exjyressing  our- 
selves algebraically,  form  a  jyeriodic  function  of  the  atomic  weights  of 
the  elements}     Table  I.  of  the  periodic  system  of  the  elements,  which 

8  Tlit^  periodic  law  and  the  periodic  syfiteni  of  the  elements  appeared  in  the  same 
form  as  here  given  in  the  first  edition  of  this  work,  begun  in  1H(W  and  finished  in  1H71. 
In  laying  out  the  accumulated  information  respecting  the  elements,  I  had  occasion  to  reflect 
on  their  metrical  relations.  At  the  beginning  of  1869  I  distributed  among  many  chemists 
a  tract  entitled,  '  An  Experimental  System  of  the  Elements,  based  on  their  Atomic 
Weights  and  Chemical  Analogies,'  and  at  the  March  meeting  of  the  Russian  Chemical 
Society,  186J),  I  comnmnicatetl  a  pai)er  *  On  the  Correlation  of  the  Properties  and  Atomic 
Weights  of  the  Elements.'  The  substance  of  this  paper  is  embraced  in  the  following 
conclusions:  (1)  The  elements,  if  arranged  according  to  their  atomic  weights,  exhibit  an 
ey'idiQwi periodica ij  of  properties.  (2)  Elements  which  are  similar  as  regards  their  chemical 
proiHjrties  have  atomic  weights  which  are  either  of  nearly  the  same  value  (i)latinum, 
iridium,  osmium)  or  which  increase  regularly  [e.g.  potassium,  rubidium,  civsium).  (3)  The 
arrangement  of  the  elements  or  of  groups  of  elements  in  the  order  of  their  atomic  weights, 
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is  pl(u.-ed  at  the  very  beginning  of  thlt  boijfc,  is  composed  according  to 
this  liiw.  It  is  arranged  in  confonnity  with  the  eight  types  of  oxides 
described  in  the  preceding  pages,  and  those  elements  which  give  the 
I'xides  RtO,  and  coiise([uently  sails  RX,  form  tlie  1st  group;  the 
elements  giving  RgO,  or  RO  as  their  highest  grade  of  oxidation  enter 
into  the  2nd  group,  those  giving  RjO,  as  their  higher  oxides  form  the 

carTcapamls  n-itti  Llieii  Bo-c&lled  valsacieit,  (4)  Tlie  elnnunta,  which  ure  the  iuuhI  wiilelf 
diltiued  in  nature,  lure  ania/I  Htonuc  weights,  mid  ulltheulboientBoF  timiJ]  atomic  weight 
<ut  dimncteriged  bj  their  eharplj-defined  propeitieB.  The;  ore  theiulore  typical  ele- 
inenta.  (G|  The  nuisnitade  of  the  utoniic  weight  dBtermineB  the  chuiuiter  of  an  oleiaent. 
|lt|  The  discovery  of  mui;  yel  unknown  eleiuetita  may  be  eipected.  For  inettmco, 
Flemeuts  uulogous  lo  alaminium  uiil  Bilicon,  whose  atomic  weights  would  be  between 
AG  md  7(>.  (7)  The  atomic  weight  of  an  element  may  sometimes  be  amended  by  ud  of 
n  kBOKledge  of  (hone  of  the  contigaons  elements.  Tbos  the  combiuiug  woiglit  at 
tnllnritun  must  lie  between  19S  and  198.  and  cnnnot  be  138.  (a)  Csrt&iii  charocteciBtia 
pr<>|ieTtiea  of  Uie  element!  can  be  loretold  from  their  atomie  weights. 

The  entire  periodic  Ian  is  included  in  thaw  liues.  In  the  series  of  subseijaenl  papers 
(1870-74,  for  example,  in  tbe  Traiuaeliora  of  the  Bassian  Chemical  Society,  of  the 
Mntcow  meeting  of  Naturolitto of  tile  Petroffaky  Academy,  and  LJefaig's  AnnaUn)  on  the 
tame  enbject,  we  only  find  applications  of  the  same  principles,  which  were  ofterwordi 
eonfimwi  by  the  labours  of  Hosooe,  Caruelley,  Thorpe,  and  others  in  EngUnd,  of  Ram- 
mvliberg  (reepecting  iwiinni  and  nnninm),  L.  Ueyer  (regpeoting  the  speuific  volume*  of 
the  element*),  Zimmetmami  (respecting  uioniDin),  and  more  especially  ol  C.  'Winkler 
(who  diseoreted  germaninm,  and  showed  its  iilentity  with  ekosilicon),  and  others  in 
Oeraiany;  of  Lecocj  de  Boisbsudran  in  France  (the  discovery  of  galhum^ekaalominimn), 
ot  Clere  respecting  the  atomic  weights  of  the  cerium  metals),  Nillson  (discoverer  of 
Kandiom— ekoboron),  andNillson  and  Pettersaon  (determination  of  the  vaponc density 
<i[  beryllium  chloride)  in  Sweden,  and  of  Biauner  (who  inreatigated  cerium,  and  deter- 
mined the  combining  weight  ot  tellnHum  =  135),  in  Austria. 

I  consider  it  necessary  to  state,  that  in  arranging  the  periodic  system  of  the  elements 
I  made  nse  of  the  previous  researches  of  Dumas,  Olodstone,  Pettcnkofer,  Kremers,  and 
Leuiueii  ou  the  atomic  weights  of  related  elements,  but  I  was  not  acqaiunted  with  the 
w<«k>  preceding  mine  ot  De  Chanronrtois  (via  tetiurigue,  or  the  spiral  ot  the  elements 
■nunling  to  their  properties  sjid  equivolental  in  France,  and  of  3.  Newlands  (Law  of 
OcUvea— tor  instance.  H.  F,  Q,  Co.  Br,  Pd.  I,  Pt  form  the  first  oolave,  and  O,  8,  Fe, 
Se,  Rb,  Te.  An,  Th  the  last)  in  Englnnd,  atlhoash  certain  germs  of  the  periodic  law  ore 
to  be  Mian  in  these  works.  With  regard  to  the  work  of  Prof.  Lothar  Meyer  reapaoting 
ihe  periodio  law  INotea  IS  and  IB),  it  is  evident,  judging  from  tile  method  of  investi- 
gation, and  ot  his  sUtement  (Liebig'a  Annalen  Supl.  Banii  T,  1B70,  BSJ),  at  the  very 
coauneueement  of  which  he  cites  my  paper  ot  1869  above  mentioned,  that  he  took  the 
periodic  law  in  the  same  form  as  it  was  pven  by  me. 

In  eonclasion  to  this  historical  statement  I  consider  it  well  to  observe  that  no  Uw 
4tt  natnre,  however  general,  bos  be«n  estabhshed  at  once ;  its  establishment  is  always 
pNCaded  by  many  presentiments,  but  the  acknowiedgment  ot  a  law  docs  not  take  place 
when  it  M  tewpiised  in  all  its  significance,  but  only  when  it  has  been  confirmed  by  e*. 
perimenl,  which  the  scientific  man  mnst  look  (a  as  the  only  proof  ot  the  correctness  ol 
)iis  conjecture*  and  opinions.  I  therefore,  for  my  part,  consider  Roscoe.  De  Boisbaudron, 
XillMio,  Winkler,  Brauner.  Camelley,  Thorpe,  and  others  who  verified  the  adaptability 
if  the  |ieriodic  law  (o  uhemical  reality,  as  the    true  foanders  of  the  |ieriodic  law     ' 
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3rd  group,  and  so  on,  whilst  the  elements  of  all  the  groups  which  are 
nearest  in  their  atomic  weights  are  arranged  in  series  from  1  to  12. 
The  even  and  uneren  series  of  the  same  groups  present  the  same  forms,, 
bat  differ  in  their  properties,  and  therefore  two  contiguous  series,  one 
CTen  and  the  other  uneven — for  instance,  the  4th  and  5th — form  a 
periocL  Hence  the  elements  of  the  4th,  6th,  8th,  10th,  and  12th,  or 
of  the  3rd,  5th,  7th,  9th,  and  11th  series  form  analogues,  like  the* 
halogens,  alkali  metals,  &c.  The  conjunction  of  two  series,  one  even  and 
its  contiguous  uneven  series,  thus  forms  one  large  period.  These- 
periods,  beginning  with  the  alkali  metals,  end  with  the  halogens.  The 
elements  of  the  two  first  series  have  the  least  atomic  weights,  and  in 
consequence  of  this  very  circumstance,  although  they  bear  the  general 
properties  of  a  group,  still  they  show  many  peculiar  and  independent 
properties.^  Thus  fluorine,  as  we  know,  differs  in  many  points  from 
the  other  halogens,  and  lithium  from  the  other  alkali  metals,  and  so 
on.  These  lightest  elements  may  be  termed  typiccti  elements.  They 
include— 

H. 

Li,  Be,  B,  C,  X,  O,  F. 

K^a,  Mg 

In  the  annexed  table  aU  the  remaining  elements  are  arranged,  not 
in  groups  and  series,  but  according  to  periods.  In  order  to  penetrate 
into  the  essence  of  the  matter,  it  must  be  remembered  that  here  the 
atomic  weight  gradually  increases  along  a  given  line  ;  for  instance,  in 
the  line  commencing  with  K=39  and  ending  with  Br  (the  17th)=80,. 
the  intermediate  elements  have  intermediate  atomic  weights. 

Eren^rie^  ^[^     Al     Si      P        S      CI 

K    Ca  Sc    Ti    V    Cr  Mn  Fe    Co    Ni    Cu    Zn    Ga    Ge    As    Se   Br 
Rb  Sr  Y     Zr  Nb  Mo  —    Ru  Rh  Pd  Ag  Cd     In    Sn    Sb    Te    I 

CsBaLaCeDi? — — 

Yb  —  Ta    W    —    Os  Ir    Pt    Au    Hg   Tl    Pb    Bi 

_  Th  —  u  ^^ T-^^-iz: 

I  ueveii  bene*. 

The  same  degree  of  analogy  as  we  know  to  exist  between  potassium, 
rubidium,  and  caesium  ;  or  chlorine,  bromine,  and  iodine  ;  or  calcium, 
strontium,  and  barium  also  exists  between  the  elements  of  the  other 
vertical   columns.     Thus,  for  example,  zinc,  cadmium,  and  mercury, 

*  This  resembles  the  fact,  well  known  to  those  having?  an  acquaintance  with 
organic  chemistry,  that  in  a  series  of  homolognes  (Chap.  VIII.)  the  first  members,  in 
which  there  is  the  least  carbon,  although  showing  the  general  propertie»  of  the  homo- 
logous series,  still  present  certain  distinct  peculiarities. 
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which  ore  rlescribed  in  the  following  chapter,  present  a  very  closo 
analugy  with  mngnesium.  All  our  further  dpaonptions  of  the  eln- 
oiente  will  be  ftrraiiged  according  to  this  periodic  Bystein.  The  dis- 
tributioD  of  the  elements  in  groups,  series,  and  peritxjs  is  shown  in  tli" 
tables  given  in  this  chnpter,  nt  the  end  of  the  preface,  and  at  the  tnd 
of  the  book.  For  a,  true  comprehensiun  of  the  matter,  it  is  very  im- 
portant to  see  at  once,  that  all  the  given  aspects  '"  of  the  distribution 

'°  Besidea  nrruiglag  the  elaments  (a)  in  a  HQcce 

■eiglitB.  with  iodiciitinn  <>[  their  ualoj^eti  by  bIio 

(■hemicul — for  inatmicei  Uioir  power  of  giving  one  o 

physical),  balk  ol  the  tUtHeiili  uid  of  their  oaiuj 

»  beginniDg  of  Ihia  vulame),    (b)    according    I 


order  accordiog  to  their  atomic 
«ome  or  other  properties  (both, 
•ther  tonn  of  tombinnlion — and 
I9  (oe  iti  done  ill  Table  III.  U 
Table  I. 


iift«r  the  ppefaee),  and  ic)  acaording  to  groups  and 
•nu*  or  tmiUI  periods  (in  i«  done  in  Table  U.  nnil  in  Table  IV.  at  the  end  of  Lhla 
loluiue),  I  am  aui|iiaiDted  with  the  following  methodi  ot  eipreBBiug  the  periodic  rela- 
tion* ol  the  elements:  (1)  B;  a  imrre  drawn  throngb  pointa  obtuned  in  the  following- 
maiuier:  The  elements  are  arrajiged  along  the  bcrizontal  aiis  of  atncisBie  at  distance* 
from  »n>  proportional  to  their  atomic  weights  and  the  values  (oreaoh  of  the  elementB 
ot  some  propertj — tor  example,  Hpeciflc  rolnmes  «r  melting  points  are  eipresaed  by  tho 
ordinates.  This  method,  althnogh  graphic,  has  the  theoretical  diiadvantaife  that  it' 
does  not  in  an;  way  indii^ate  the  eiistence  of  a  limited  and  definite  Dumber  of  elementa 
in  cAcb  period.  There  ia  nothing,  for  infltance,  in  this  method  of  expTesairig  the  law  oF 
peiiodicily  to  show  that  between  magueHium  and  uluminium  there  oaii  be  no  other  ele- 
ment with  an  atomic  weight  of  say  2G,  atomic  volume  18,  and  iu  general  having  propertiert 
intetmediate  between  those  of  these  two  elemeuts.    The  actual  periodic  law  does  iioti 

wnght— ina  word,  it  does  not  eipress  an  nn interrupted  function— and  aa  the  law  is  purelj 
chemical,  starting  from  the  conceptions  of  atoms  and  molecules  which  combine  ill  mul- 
tiple proportions,  with  intervala  (not  continuously),  it,  above  all,  depends  on  there 
being  but  lew  types  of  compounds,  which  are  arilhmetinnlly  simple,  repent  themtelvrtf 
uid  offer  no  nuintenupted  transitions,  and  therefore  each  period  can  only  contain  *, 
definite  number  of  members.  For  this  reaeon  there  can  be  no  other  elements  between 
magnaium, which  gives  the  chloride  UgCl^,  and  altuainiuro,  which  lannsAlX];  them 
is  a  break  in  the  continuity,  awordiug  to  the  taw  of  mnltipte  proportions.  The  periodid 
law  nngbt  not,  therefore,  to  be  expressed  by  geometrical  figures  in  which  continuity  ia. 
•Iwafs  nndentood.  Owing  to  tbeae  oonaideTatians  I  hare  never,  and  will  never,  eipresa 
tlia  periodic  relatioDi  of  the  elements  by  any  geometrical  figores,  (S)  By  a  plant  ipxrat. 
Radii  are  traced  from  a  centre,  proportional  to  thu  atomic  weights;  anatogoua  elemenla 
tie  along  one  radius,  and  the  pointa  of  intersection  are  arranged  in  a  spiral.  Tliis  method, 
adopted  by  De  Chancoortoiii.  Baumgauer,  E,  Huth,  and  others,  has  many  of  the  impef' 
fedinD*  ol  the  preceding,  although  it  removes  tlie  iiidefiniteneas  as  tu  the  number  ot 
■lemenUin  ■  period.  Iu  it  one  ought  only  to  see  a  simple  endearour  to  briag  the  com- 
plvi  rslationa  ander  a  simple  graphic  representation,  because  the  nonibet  ol  radii  and 
the  bmnnlalion  of  the  spiral  is  not  dependent  on  any  conditions.  |S}  Bi/  Ihf  tinea  nf 
afonictfg,  either  parallel,  as  in  Reynolds's  and  tlie  Ret.  8.  Haughton'smethiid,  or  as  in 
Cnmkes's  method,  inclined  to  the  right  and  left  ot  an  aiis,  along  which  the  maguitudos  of 
the  atomic  weights  arc  counted,  the  points  of  the  elements  are  marked  ofl,  on  the  ona 
aide  the  members  of  tho  even  seriva  Iparamagnetip,  like  oxygen,  potaasinm,  iron),  and  cit 
the  otlier  side  the  members  ot  the  uneven  neriea  (diamagnetio,  like  snlphnr,  chlorine, 
tine,  and  mercury).  On  joining  up  these  points  a  periodic  curve  is  obtained,  likened  by 
Cinokee  to  the  osciUatimni  of  a  pendulum,  and,  according  to  Haughlon,  repreaenting  a 
enbical  cnrtv,  Tlii*  method  would  Ite  very  graphic  did  it  not  require,  for  iubtiujce,  that 
Mtlphlir   should  be  considered  as  bivalent  and   manganese   as   tmivaleut,   although 
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tit  tliP  nWtnoiita  licconliiig  bo  their  atomic  weights  essentially  express 
iiiin  iiiict  thff  lame  fundoniental  deftendeiim— periodic  prajiertiet.** 
Thf  following  points  must  then  be  seen  in  it. 

Iiallliur  ii(  thmMi  duiianU  givei  lUble  doiivotivue  d(  Uieae  DBtureB,  ani3  alChoQgh  Ihe  one 
It  takmi  vti  tfaq  bfii  of  the  lowBBt  poAAiblu  cuinpound  SX^.  iiiid  the  other  of  the  highust* 
himiu  iiMnjpuicH  may  be  ruferrecl  to  the  nnivBlent  elempnle  nnly  by  the  analog  nf 
W>to  KClOi.  PurthHnnore,  Reynolda  and  CrookeH  plnce  hydrogen,  iron,  nickel, 
if  O^of  outaide  the  aiifl  of  atoniicity,  and  Gon§id«r  nraninnj  aa  bivalent  withoDt 
tndalion.  (*)  BftntahaBandaaTOnred  to  ciagBily  the  elementit  in  their  periodic 
vatom  dependent  on  eolid  geometry.  He  commnnicuted  thiamodeof  expTHa- 
uian  Chemical  Society,  bat  hie  comnmnicatiDn,  which  is  appatently  not 
voirt  nt  Inlomt.  b»a  not  yet  appeared  in  print.  (S)  By  algebraic,  fortmtltt:  for  eiunple, 
B.  J,  Uill*  <18M)  endeavonra  Ui  expreaa  all  the  atomic  weifihtB  by  the  logarithmic 
luiictloD  A.-1I)  (n -O'BBTfil).  in  which  the  -variables  n  and  t  ure  vthule  nnubora.  For 
Instan™.  fi""  fwyg*"  n-8. '"1,  hence  A^1E*S4;  for  antimony  .i  =  »,i  =  0,  whence  A=  ISO, 
nnd  w  uu.  ti  rallva  from  1  to  16  and  I  from  0  to  E9.  The  analoguoB  are  haidly  diatin- 
gulahable  by  this  method,  thna  (or  chlorine  the  mK^initndeH  of  ii  and  (  are  3  and  T,  for 
briiiuln*  0  and  B,  for  iodine  9  and  G,  (or  potaaaium  S  and  14,  for  rubidium  0  and  18,  lor 
cnaiom  H  and  SO  -.  bat  a  certain  regularity  aeema  to  be  ebown.  {6)  A  more  natural 
mithod  ol  BipreaxiDg  the  dependence  of  the  properties  of  elementa  on  their  atomic 
weights  is  obtained  by  iTigOHometrieal  /unctioiia,  because  this  dependence  ia  periodic 
like  the  functions  of  trigonometrical  lines,  and  therefore  Bidberg  ill  Sweden  (1685)  and 
F.  FUvitaky  in  Buaaia  (Kaxan,  1B8T)  hnve  adopted  a  like  method  ot  eipreaeion,  which 
must  be  cauaidered  as  worthy  of  being  ntntked  out,  although  it  does  not  eipress  the 
absence  of  intermediate  elementa — for  instance,  between  magneainm  and  alnminiiun, 
which  i>  easentiall]^  the  most  importiuit  part  of  the  matter,  (T)  The  Investigations  oi 
fi.  K.  Ichitchdrin  (ISHH,  Journal  of  the  Bunian  Phijtical  and  Chemical  Soeiets)  fo^ 
the  first  eSort  in  Ihe  latter  direction.  He  carelnUy  stadiod  the  alkaU  metals,  and  dis- 
covered the  lollowiug  umple  relation  beCweeu  tlieir  Htomic  Tolames  :  they  can  all  be  ei- 
pressed  by  A(S-0'D138An),  where  A  ia  the  atomic  weight  and  ii-^l  (or  lilhium  and 
(odium,  I  lur  potnasiam,  j  for  rabidium,  and  j  tor  cieeium.  If  ii  always  =  1,  then  the 
Volume  of  the  atom  would  become  tero  at  A«4fl}.  and  would  reach  itif  nm^-rrrmir,  when 
A'SBj,  and  the  density  increases  with  the  growth  ol  A.  In  order  to  eiphiiu  the  rariation 
ol  II,  and  the  relation  of  the  atomic  weigbts  of  the  alkali  metals  to  Uiose  of  the  other 
elements,  as  also  the  Htomidty  itself,  Tcbitchdrin  supposes  all  atoms  to  be  built  up  of  a 
primary  matter  ;  conaidem  the  relation  of  the  central  to  the  peripheric  mass,  and,  guided 
by  mechanical  principles,  dedoces  many  of  the  properties  of  the  atoms  from  the  reaction 
ol  tlie  internal  and  peripheric  parts  ol  each  atom.  This  endeavour  oftera  many  interest- 
ing points,  but  the  value  of  the  theory  c«nnol  be  judged  at  present,  as  it  is  not  yet  hilly 
developed.  Further,  it  admits  the  hypothesis  of  the  building  up  of  all  the  elements  from 
one  primary  matter,  and  at  the  present  time  anch  an  hypothesis  has  not  the  least  sDpport 
either  in  theory  or  in  fact.  Besides  which  the  starting-poiut  ol  the  theory  is  the  speoiBc 
gravity  of  themetalsat  a  deSnite  temperature  (it  is  not  known  how  the  above  relation 
would  appear  st  other  temperatures),  and  the  specific  gravity  varies  even  under 
mechanical  influences. 

II  Many  natural  phenomena  eihibit  a  depondocie  of  a  periodic  chsriwtBr,  Thus  the 
phenomena  of  day  and  night  and  ol  the  aeaaons  of  the  year,  and  vibrations  o[  all  kinds, 
exhibit  variations  ol  a  periodic  character  in  dependence  on  lime  and  space.  But  in 
ordinary  periodic  Innctions  one  variable  varies  oontinuonsly.  whilst  the  other  iucreasea 
to  a  limit,  then  a  period  of  decrease  begins,  and  having  in  turn  reached  its  limit,  a  period 
of  increasv  again  begins.  It  is  otherwise  in  the  periodic  fonctiou  of  the  elementa.  Here 
the  mass  of  the  elements  does  not  increase  oontinaooslj,  bat  abruptly,  by  steps,  as  /rom 
magnesium  to  alaminium.  Bo  also  tlie  valency  or  atomicity  leaps  directly  from  1  to  2  to 
S,  &c.,  without  intermediate  qoantlties,  and  in  my  opinion  it  is  these  properties  which 
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1,  The  formulie  of  the  higher  oxygen  compounds  ai-e  detemiint^d  Uj 
the  groups  ;  the  first  group  gives  R-,0,  the  aeuoad  R,Oj  or  HO,  the 
third  R»0,,  ic.      There  are  eight  types  of  nsides  and  therefore  eight 

ue  Uie  miMl  imporUni,  nnd  it  is  their  pcriodicitj'  wliich  (ortnn  thb  aubstance  d(  U« 
periodic  lnw.  It  eipre«Be«  llif  jiroper/iBi  of  the  real  elenteiiti,  nod  not  u[  wbat  may  bs 
termed  their  muiil^liUiiiDE  riKuaJly  known  to  db.  Thi;  eiternal  propeiiieB  of  elenieaM 
mil  wnnpounde  sie  in  periodic  dependence  on  tlii!  nEumic  weight  of  tlie  etementt  onl; 
b««aH  theiw  eitertul  pioperlies  ore  themselvea  tlie  result  of  tbu  properiiea  of  the  re»l 
element!  tarming  iite  isolated  elements  or  the  componnd.  To  eiplun  uid  eipresB  the 
periodiu  Iaw  is  to  explAjn  andeipresB  the  cuaaeof  the  hiw  of  multiple  proportions,  of  tlie 
diKereiiee  ■>[  the  elementH,  nnd  the  variation  of  tbeir  atamicity,  njid  at  the  same  time  to 
Dnderstuiil  what  maiB  nod  grnTitation  are.  In  my  opinion  thix  ig  now  pretoMtire.  But 
juat  M  wilhoot  knawinj;  the  caDse  of  graTitation,  it  is  possible  to  uikke  aae  of  the  liLW  of 
grarily.ao  lor  the  aims  of  chvniiatrj  it  is  posaible  to  take  advantage  of  UwUwBdisooTered 
bj  chetDistr;  without  being  utile  to  explain  their  causes.  The  above-mentioned  peculi- 
arity of  the  lawB  of  chemiiitiy  respeuttng  definite  compouuds  and  the  atomic  weights 
leads  one  to  think  that  the  time  has  not  yet  come  tor  their  full  explanation,  and  I  do  not 
think  that  it  will  come  before  the  eipUnation  of  such  primary  laws  of  nature  as  the  law 
of  grvtity. 

It  will  not  be  ont  of  place  to  here  turn  onr  attention  to  the  many-uided  cocrelatioa 
existing  between  tlie  nndeeompoaable  element*  and  the  compound  carbon  radielel, 
which  haa  long  bven  remarked  (Fettenkofer,  Dnmae,  and  othera),  and  reconsidered  In 
retenl  times  by  Caraelley  (I88B),  and  most  originally  in  Pelopidaa'a  work  (1883)  on  the 
prineipleB  of  the  periodic  system.  Felopidns  compares  the  BeriBscuutainiDg  eight  hydro- 
cartnn  radioles,  CnH„,„  CH,,— for  instance,  C^Hu.  C.H,,,  GaH,,.  CgH,^  CoH^  QHj, 
C^;.BndCeBd — witli  theories  of  the  elements a-rroiiged  in  ei^lit groups.  Tbeaimlogyis 
particularly  clear  owing  to  the  property  of  C.Hm^.,  tn  combine  with  X.  thus  reoohing  latn- 
ration,  and  of  the  following  members  with  X;,  Xj  .  .  .  X,,  and  especially  because  these  ore 
followed  by  an  aromatic  radicle — lor  instance,  C^j — in  which,  as  in  well  known,  many  o( 
the  properties  of  tlie  satorated  radicle  CgHu  ore  Tepeatitd,  and  in  particular  the  power  of 
fanning  a  nniralent  radicle  ngain  appears.  Felopidas  shows  a  confirmation  of  tlia 
parallel  in  the  property  ot  the  aboie  radicles  of  giving  oxygen  compounds  corresponding 
with  the  gronps  in  the  periodic  syKtem.  Thus  the  hydrocarbon  radlcloH  of  the  first  group 
—tor  Instance.  C,H„  or  CgH j— give  oxides ol  the  form  R^O  and  hydroxideH  RHO,  like  the 
metals  ol  the  alkalis;  and  in  the  third  group  they  form  oxides  RjOj  and  hydrates  RO(H. 
For  inatauce,  in  the  aeries  CHj  Hie  torresponding  compounda  uftbe  tliird  group  will  be  the 
oxide  (CII),Oi  or  CiHgOs— that  ia,  formic  anhydride  and  liyilrute,  CHO,U.ar  formic  acid. 
In  the  sixth  grongi,  with  a  cominsition  of  C,,  tha  oxide  ttO^  trill  be  CjO,,  and  hydrate 
CfHjOf — that  ia,  also  a  bibasic  acid  (oxahc)  reaenibling  sulphuric,  among  the  inorganic 
acids.  After  carrying  his  Tiena  over  a  maas  ol  organic  componnds.  Felopidas  lingers 
more  particularly  over  the  radivlea  correapondins  with  ammonium  ;  for  aismple,  ho  takes 
methylammonium,  N(CH:,iH]  or  XCH,,  in  the  first  group,  aa  showing  many  ot  the  pro- 
perties of  the  metals  of  the  alkaJia  and  giring  an  alkali,  NH,(CHi)(OB),  like  IfaHO.  Ia 
Ibe  Mcond  and  following  groups  by  the  abstraction  of  hydrogen  we  obtain  radicles  all  of 
hi^wr  atomicity  and  leas  alkiiline  charucter.  and  luatly  in  the  seventh  group  we  find 
Cy,  wLoee  analogy  to  tlie  halogens,  corresponding  with  the  seventh  group,  is  well  known. 

With  respect  to  this  remarkable  parallelism,  it  mast  above  aJlbe  observed  that  in  the 
I  tbe  atomic  weight  increases  in  psBaiui;  to  contiguous  members  of  a  higher 
whilat  here  it  decreases,  and  therefora  there  is  no  foundation  for  seeing  any 
lu  this  correlation  with  the  hydrocarbon  radicleapoiDtiagtowude  a  compound 
Roeare  lor  the  elementury  subetancea  ;  but  rather  that  tlie  periodic  rariohilityof  elements 
and  componnda  ia  subject  to  some  higher  law  whose  nature,  and  still  more  whose  cause, 
casnot  at  present  be  determinwl.  It  ie  probably  based  on  tbe  fundamental  principles  of 
Hie  internal  mechanics  of  the  atoms  and  molecales,  and  as  the  periodic  law  hu  only  bMO 
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groups.  Two  groups  give  a  period,  and  the  same  type  of  oxide  is 
met  with  twice  in  a  period.  For  example,  in  the  period  beginning 
vith  potassium,  oxides  of  the  composition  RO  are  formed  by  calcium 
and  zinc,  and  of  the  composition  RO3  by  molybdenum  and  tellurium. 
The  oxides  of  the  even  series,  of  the  same  type,  have  stronger  basic 
properties  than  the  oxides  of  the  uneven  series,  and  the  latter  as  a 
rule  are  endowed  with  an  acid  character.  Therefore,  the  elements 
which  exclusively  give  bases,  like  the  alkali  metals,  will  be  at  the 
commencement  of  the  period,  whilst  such  purely  acid  elements  as  the 
halogens  will  he  at  the  end  of  the  period.  Tlie  interval  will  be  occu- 
pied by  intermediate  elements,  whose  character  and  properties  we  shall 
afterwards  describe.  It  must  be  observed  that  the  acid  character  is 
chiefly  proper  to  the  elements  with  small  atomic  weights  in  the  uneven 
iserics,  whilst  the  basic  character  is  exhibited  by  the  heavier  elements 
in  the  even  series.  Hence  elements  which  give  acids  chiefly  predominate 
among  the  lightest  (typical)  elements,  especially  in  the  last  groups  ; 
whilst  the  heaviest  elements,  even  in  the  last  groups  (for  instance, 
thallium,  uranium),  have  a  basic  character.  Thus  the  basic  and  acid 
characters  of  the  higher  oxides  are  determined  (a)  by  the  type  of  oxide, 
{b)  by  the  even  or  uneven  series,  and  (c)  by  the  atomic  weight. 

2.  Th^  hydrogen  compounds  being  volatile  or  gaseous  substances 
which  are  prone  to  reaction — such  as  HCl,  H.^O,  H3N,  and  H4C — are 
only  formed  by  the  elements  of  the  uneven  series  and  higher  groups 
^ving  oxides  of  the  forms  R2O7,  RO3,  R2O5,  and  ROj. 

3.  If  an  element  gives  a  hydrogen  compound,  RX,„,  then  it  forms  an 
€>rgano-mei<i!lic  compound  of  the  s;ime  composition,  where  X=C„  H^^+i  : 
that  is,  X  is  the  radicle  of  a  satui-ated  hydrocarbon.  The  elements  of 
the  uneven  series,  which  are  incapable  of  giving  hydrogen  compounds 
and  which  form  oxides  of  the  forms  RX,  RX.j,  RX3,  also  give  orgjino- 
metallic  compounds  of  this  form  proper  to  the  liigher  oxides.  Thus 
xino  forms  the  oxide  ZnO,  salts  ZnX^,  and  zinc-ethyl  Zn{C.2H.,^)2'  The 
elements  of  the  even  series  do  not  seem  to  form  organo-metallic  com- 
pounds at  all  ;  at  least  all  eflbrts  for  their  preparation  have  as  yet 
been  fruitless — for  instance,  in  the  case  of  titanium,  zirconium,  or 
iron. 

4.  The  atomic  weiglits  of  elements  belonging  to  contiguous  periods 
^Bftr  approximately  by  45;  for  example,  K<Rb,  Cr<Mo,  Br<L 
Bvt  tlie  elements  of  the  typical  series  have  the  smallest  atomic  weight. 
Tlie  difierence   between   the  atomic  weights  of  Li,  Na,  and  K  =  16, 

lEWwnlly  recof^iit-ed  for  a  few  yearK  it  is  not  Buqirising  that  any  further  progress 
towds  its  explanation  can  only  be  looked  for  in  the  development  of  facts  touching  on 
akis  subject. 


GROrriSG  OF  THE  ELEMENTS  AND  THE  PEBIODIC  LAW     23 

lietween  Ca,  Mg,  (lud  Br  also  16,  and  between  Si  and  C  is  16,  betweBo 
S  and  O  16,  and  between  CI  and  F  1 6.  As  a  rule,  there  is  a  gi-eater 
difference  between  the  atomic  weights  of  the  elements  of  one  group 
*nd  those  of  its  two  neighbouring  series  (Ti— Si  =  V— P=Cr-S= 
itn— Cl=Nb-As,  J:c.=20),  and  this  difference  attains  a  reaximam 
with  the  heaviest  elements  (for  example,  Th— Pb=26,  Bi  — Tft=2a, 
£a — Cd^25,  ic).  Furthermore,  th#  difference  between  the  atomic 
weights  of  the  elements  of  even  and  uneven  series  also  increases.  In 
fact,  the  differences  between  Na  and  K,  Mg  and  Ca,  Si  and  Ti  are  leas 
abrupt  tian  those  between  Pb  and  Th,  Ta  and  Bi,  Cd  and  Ba,  &c. 
Thus  there  is  even  in  the  magnitude  of  the  differences  of  the  atomic 
weights  of  analogous  elements  a  certain  connection  observable  with  the 
gradation  of  their  properties.'" 

5.  Every  element,  according  to  the  periodic  systflm,  occupies  a  cer- 
tain position,  determined  by  the  group  (indicated  in  Roman  numerals) 
and  series  (Arabic  numerals)  in  which  it  oecui-s.  They  indicate  the 
atomic  weight,  the  analogues,  properties,  and  type  of  the  higher  oxide, 
And  of  the  hydrogen  and  other  compounds — in  a  word,  all  the  chief 
quantitative  and  qualitative  features  of  an  element,  although  there  yet 
further  remain  a  whole  aeries  of  details  and  peculiarities,  whose  cause, 
according  to  the  sense  of  the  whole  doctrine  lying  at  the  base  of  the 
system,  must  be  looked  for  in  smull  differences  of  the  atomic  weights. 
If  in  a  certain  group  thei-e  occur  elements,  R,,  R^,  R,.,,  and  if  in  that 
series  which  contains  one  of  these  elements,  for  instance  Rj,  an 
element  Q,  precedes  it  and  an  element  T.^  succeeds  it.  Then,  the  pro- 
perties of  Rj  are  determined  by  the  properties  of  R|,  Rj,  Q^,  and  T^. 
Thus,  for   instance,  the  atomic   weight   of  R(=l(Ri +Ra+Q»+Ta)- 

"  Tile  reUtion  between  the  atomic  we 
wrved  in  the  Biitb  una  Hfr^enlh  ijefudesof 
will  olbei*.  Thau  IiothaF  Mejer  in  18ti4, 
tlie  Iclravalenl  elements  carbon  and  aitico 
■raentc,  uttimon;,  and  bisBinth ;  the  bivu 
le  aninliTDt  Bnorioe,  dhlurine,  bramioe, 


bts,  BQiI  eHpeciiJtjtlioiliSerenw  — 10,  wuob- 
lia  detitury  by  Dumas,  Pettenkofer,  L.  Heyer, 
Dllowiag  Dmuae  and  others,  grouped  together 
;  the  tiivDJent  eleniente  nitrogen.  phoBphorun, 
nt  osygeii,  Bulpbor,  aelenium,  and  tellnrinm  ; 
nd  iodine;  and  the  nnif-nlent  metttUlithiam, 
kodinm,  potttBHUini,  mbidinm.  cicBium,  and  thallium,  and  the  btvatent  metals  bert'Uium, 
magnMium,  slrontiuni,  and  barium — obBerEing  tliat  intlieltrHt  the  diSerence  is,  in  general 
c' Id,  io  the  Mconil  about -40,  and  the  last  abont=6T-W.  The  first  genni  o(  the  periodia 
law  are  visible  in  Hucb  □baeiraCionH  aa  theae.  Since  itaeatabliHhment  this  snbject  has  been 
niott  fnU;  worked  ont  by  Bidberg  (Note  lU),  nho  observed  a  periodicity  in  the  variation  ol 
thc.diflerences  between  the  atomic  weights  ol  two  contiguous  elenveulit.  audita  ntationto 
their  alumjcit)'.  A.  BaiaroS  (188T]  ioveitigated  the  same  sabject,  taking,  not  the  arith- 
DietdMl  diflarences  ot  coutiguona  and  analogous  elementB,  but  the  ratio  ol  their  atomic 
weights,  and  he  also  observed  that  this  ratio  alternately  rises  and  MU  with  tba  riae  of 
the  atomic  waighta. 

I  will  here  nrmark  that  the  relation  of  the  eighth  gnmp  to  the  others  will  be  cos- 
aidend  at    tliu  end  of  this  work  (it   inclndes    iron,  oobalt,  nickel,  copper,  and  their 
0. 
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For  eKftniple,  seleniuni  occui's  in  the  same  group  as  eulpliur,  S^32,  a.n4 
teliuriutti,  Te=:123,  and  in  the  7th  series,  As^75  stands  before  it  as 
Br^SO  after  it.  Hence  the  atomic  weight  of  selenium  should  I 
i(32  +  125  +  75  +  80)=7t!,  as  it  ia  in  reality.  Other  properties  of  sela- 
nium  may  niso  be  determined  in  this  manner.  For  exnaiple^  arwsJ 
fortoB  H,As,  bromine  gives  HBr,  iind  it  is  evident  that  seleniBm 
which  stands  between  them,  should  fonn  H^Se,  with  propertiei 
termediate  between  those  of  HjAb  and  HBr.  Even  the  physical 
properties  of  selenium  ami  its  cnmpounda,  not  to  speak  of  their  com- 
position, determined  by  the  group  in  wiiich  it  occurs,  may  he  foresee^ 
with  a  close  approach  to  reality  from  the  properties  of  sulphur,  tellariuni) 
arsenic,  and  bromine.  In  this  manner  it  in  jiossiMe  lo/oretell  the  jir*' 
perlies  of  Mill  unknown  eleTnent.g.  For  instance,  in  the  position  IV",  5— 
that  IB,  in  the  IVth  group  and  5th  series— an  element  is  still  wanting 
These  unknown  elenients  niay  ])e  named  nl'ter  the  preceding  known  ele< 
ment  of  the  same  group,  by  adding  to  the  tirat  syllable  the  pre^  eka, 
which  means  one  in  Sanskrit.  The  element  IV,  5,  follows  after  IV,  V 
and  this  position  is  occupied  by  silicon,  and  therefore  we  call  the  un- 
known element  ekaailicon  and  its  symbol,  Es,  The  following  are 
the  properties  which  this  element  should  have  ou  the  basis  of  the  knowiL 
properties  of  silicon,  tin,  zinc,  and  arsenic.  Its  atomic  weight  il 
nearly  72,  higher  r>!cide  Esf>j,  lower  oxide  EsO,  compouDds  of  the 
general  form  EsX,,  and  chemically  unstable  lower  compounds  of  tha 
form  EsXj.  Es  gives  volatile  i.irgano- metallic  compounds — for  instanDOi, 
Es(CH3)„  Es<CHj)aCl,  and  Ea(C.,Hj)j,  which  boil  at  about  160"„ 
&c.,  also  a  volatile  and  liquid  chloride,  EsCl,,  boiling  at  alKiut  S 
and  of  sp.  gr.  alwut  1  -S).  EsOj  will  be  the  anhydride  of  a  feeble  coUoidui 
acid,  metallic  Es  will  lie  rather  easily  obtainable  from  the  oxides  ajid 
from  KjEsFfi  by  reduction,  EsSa  will  resemble  SnS,  and  Si8„  and 
will  probably  be  soluble  in  ammonium  sulphide  ;  the  sp.  gr.  of  Es  wUf 
be  about  3'5,  EsO.^  will  have  a  ilenaily  of  about  4-7,  ic.  Such  (^ 
prediction  of  the  properties  of  efcasilicon  was  ma<le  by  me  in  1871  J^ 
and  now  that  this  element  has  lieen  discovered  by  C.  Winkler  cf 
Freiberg  it  has  l>een  found  that  its  actual  properties  entirely  correspond 
with  those  which  were  foretold."     In  this  we  see  a  most  in-portant. 

I*  The  lawn  of  iiiitnrH  mlmib  at  DO  eiceptionn,  ftiu)  in  lliia  they  clenrly  diSer  h 
such  rules  s.n[l  maiims  aa  axe  found  in  gnunniar,  tic.  The  confinnittian  of  ■  law  is  n 
pOHBible  lif  nmiLnn  at  the  dedaction  of  the  conaequences  proceeding  from  it,  uid  whioh 
iroBid  wilbont  il  be  imposBible  nnd  unforeseen,  und  by  verifying  tbeae  conseqaenofn  by 
eiperimeut  and  farther  pmofH.  Tlieretore,  when  I  eaw  the  iwrioaio  Uv,  I  (ISflO-lHTl, 
NdIh  0)  deduced  irneh  logical  oonosquencea  fiom  it  aa  could  show  whether  il  were  tma  or 
Amnng  them  nas  the  prediction  of  the  properties  of  undiwovBred  e 


theui 


.oigl,t«  of  u 


little  kiiou'D,  elamenU.    ^ 


OROITISQ   OF  THE   ELEMENTS  AKD   THE   PERIODIC   LAW      25 


«ontirmQtiou  of  the  truth  of  the  i)erio<lic  law.  This  element  is  now 
called  germaiiiuin,  Ge.  It  is  not  the  only  one  that  has  been  foretold 
by  the  periodic  law.'*  We  sliall  see  in  ileacribing  the  elements  tii  the 
third  group,  that  properties  were  foretold  of  an  element  ekanluminiuni, 
ni,  5,  El=68,  and  were  afterwards  v-erilied  when  the  metal  termed 
'gallium'  was  discovered.  So  also  the  properties  of  scandium  corre- 
Bponded  with  those  predicted  for  ekaboroii.'^ 

Thaa  urUDJuin,  Tor  eioinple,  wu  coiiaidered  u  trivulent,  L'^ISO;  but  bb  such  it  did 
tiot  oorrenpODd  with  tbe  periodic  Uw.  I  thorefore  proposed  to  double  itB  Btomic  weight — 
U°9t0,  ud  the  icse&rches  of  Boicoa,  Zimmennnnn,  uid  otbers  jiiitiflod  this  otterktion. 
It  wu  the  8UUO  with  cerium,  whose  atomic  weight  it  whb  neceseary  to  change  aocordinK 
to  the  periodic  law.  I  tlierelore  determined  itit  apeciSc  heat,  sad  llie  result  I  obtained 
■a*  Terified  by  the  new  determinatiomi  o!  Hillebrand.  I  then  corrected  certain  formuliiy 
of  the  ceriam  oompounda,  and  the  reaenrohea  o(  Banunolsberg,  Brannet,  Clove,  aiiil 
y  to  do  one  or  the  other— either 


lo  conaidei  the  periodic  hiw  as  completely  tr 
chemica]  research,  or  to  refute  it.  Ackuowledging  the  method  of  eiperiment  to  be  the 
only  tme  oiie,ImyBelf  verified  what  I  could,  and'gaYe  everyone  the  poaaihility  ol  jiroviDg 
or  conGrming  the  law, and  did  not  think, like  L.  Meyer  (Uthig'a Aiinaleii, Supi, Bawll, 
IHTD,  Wi),  wtacji  irnling  about  the  periodic  law,  that  '  it  would  be  nwh  Ifl  change  the 
•Mepled  atomio  weights  on  the  bwis  ol  ao  uncertflia  a  ntarting-poinl.'  ('  Es  niirde 
Toreilig  sein,  aof  »  unaichere  Anhaltapunkte  in  eine  Aenderang  der  bisber  angeuom- 
meoeu  Atumgewichte  voriunehmen,'}  la  my  opiuiuu,  the  baaiu  offered  by  the  periodio 
liw  had  to  be  verified  or  refuted,  and  eiiwritnent  in  every  caae  verified  it.  '  The  atarting- 
point  then  became  general.  No  law  of  nature  ra-n  be  established  without  euch  a  method 
olteating  it.  Neither  D«  Chancoartoia,  to  whom  the  French  ascribe  the  discovery  of  the 
periodic  law,  nor  Newlanda,  who  is  put  forward  by  the  Eugliah,  uor  L.  Meyer,  who  ia  now 
cil«d  by  nuny  as  its  totinder.  ventured  to  foretell  the^o^r/iei  of  andiscovered  elements. 
or  lo  alter  the '  accepted  atomic  weights,'  or,  in  general,  to  regard  the  periodic  law  ne  a 
new,  atrietly-oelabliahed  law  of  natnre,  aa  I  did  from  the  very  beginning  |1B0B),  and  thete- 
lore  the  rffutariliet  observed  by  them,  which  moreover  were  then  unknown  to  me,  con 
only  be  considered  as  a  preparative  to  the  discov-ery  of  the  law.  Bo  tlie  way  wae  pre- 
pared For  the  laws  of  spectroscopy  before  Kirehboff,  for  the  mecbanical  theory  of  heat 
before  Ueyer,  Joule,  and  Clausins,  nnd  even  tor  the  discuveriex  essentially  belonging  lo 
L«Toiiiier  and  Xewtfpn  before  they  took  the  matter  in  hand.  In  clothing  my  modeat 
Isboon  witli  saeb  great  najnea  and  eiamples  I  only  wiah  lo  protect  myself  from  Ihosa 
refffoaches  to  wliich  I  ahonld  be  anbject  did  T  not  toncb  on  the  history  of  the  birtli  of 
the  periodio  law.  for  mnch  hoa  heeu  written  about  it  aiuce  the  pnipertiea  of  gallium, 
scajidinm,  and  gennanioiu  eatabUahed  thin  law  aa  a  new  tnitli,  i>ermitting  the  inviaible 
to  be  seen  and  the  nnknown  known. 

■>  When,  in  IBTl,  I  wrote  a  [laper  on  the  application  of  Uie  perioilic  law  to  the  deter- 
mination  of  the  proi>ertiea  of  yet  undiscovered  eletnentn,  I  did  not  think  I  ahould  live  to 
Me  ilie  rerificaLion  of  this  consequence  of  the  law,  but  such  w&s  to  be  the  case.  Tliree 
elementa  were  described — ekaboron,  ekaaluminium,  and  ekasilicon — and  now,  after  the 
lapse  of  twenty  yearn,  I  have  had  the  great  pleaanre  of  seeing  them  discovered  and 
Deued  alter  thoee  three  countries  where  the  rare  mioerala  containing  them  are  found,, 
and  where  they  were  discovered — GoUta,  Scandinavia,  and  Germany. 

"  Taking  indium,  which  occuia  together  irith  linc,  oh  our  example,  we  will  show  the 
Mbatance  of  the  method  employed.  The  equivalent  of  indiom  to  hydrogen  in  its  oxide  ia 
TI'T~khat  i».  iJ  we  suppose  ita  composition  to  be  like  tliat  of  water;  then  In  =  BT7,  and 
tiw  oxide  of  indium  [glnjO.  The  atomic  weight  of  indium  was  taken  ae  double  the  eq a ivo- 
l«nt— that  is,  indium  waa  conaidered  to  be  a  bivalent  element— and  In-J:' 8T-T"T6'i. 
It  indiiun  only  formed  an  oxide,  RO,  it  should  be  placed  in  the  IL  group.    But  in  thia 
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6.  As  a  true  law  of  nature  is  one  to  which  there  are  no  exceptions, 
therefore  the  periodic  dependence  of  the  properties  and  the  atomic 
weights  of  the  elements  gives  a,  iiew  means /or  determining  the  atomic 
weight  or  valency  when  the  equivalent  of  an  element  is  known.  To 
several  elements  atomic  weights  had  been  given  without  any  very 
accurate  foundation,  and  to  these  no  other  means  could  as  yet  be 
applied  for  determining  the  true  atomic  weight.  At  the  time  (1869) 
when  the  periodic  law  was  first  proposed  there  were  not  a  few  such 
•elements.  It  became  possible  to  learn  their  true  atomic  weights,  which 
were  verified  by  later  researches.  Among  the  elements  thus  concerned 
were  indium,  uranium,  cerium,  yttrium,  and  others. 

7.  The  periodic  variability  of  the  properties  of  the  elements  in 
•dependence  on  their  masses  presents  a  distinction  from  other  aspects 
of  periodic  dependences  (as,  for  example,  the  sines  of  angles  vary 
periodically  and  successively  with  the  growth  of  the  angles,  or  the 
temperature  of  the  atmosphere  with  the  course  of  time  by  yearly  and 
-daily  periods),  in  that  the  masses  of  the  atoms  do  not  increase 
uninterruptedly,  but  by  bounds ;  that  is,  according  to  the  law  of 
multiple  proportions  (Dalton^s),  there  not  only  are  not  but  there 
cannot   be    any   transitive    or   intermediate    elements   between    two 

case  it  appears  that  there  would  be  no  place  for  indium  in  the  system  of  the  elements, 
because  the  positions  II.,  5  ■■  Zn  «=  65  and  II.,  6  >«  Sr  b  87  were  already  occupied  by 
known  elements,  and  according  to  the  periodic  law  an  element  with  an  atomic  weight  75 
could  not  be  bivalent.  As  neither  the  vapour  density  nor  the  specific  heat,  nor  even  the 
isomorphism  (the  salts  of  indium  crystallise  with  great  difficulty)  of  the  compounds  of 
indium  were  known,  there  was  no  reason  for  considering  it  to  be  a  bivalent  metal,  and 
therefore  it  might  be  looked  on  as  trivalent,  quadrivalent,  &c.  If  it  be  trivalent,  then 
In  >:?  8  X  87*5  s  118,  and  the  composition  of  the  oxide  IhqOs,  and  of  its  salts  InXs.  In  this 
case  it  at  once  falls  into  its  place  in  the  system,  namely,  in  the  III.  group  and  7th 
series,  between  CI  =  112  and  Sn  =  118,  as  an  analogue  of  aluminium  or  dvialuminium 
(dvia2  in  Sanskrit).  All  the  properties  observed  in  indium  correspond  with  this 
position ;  for  example,  the  density,  cadmium  =  8*6,  indium  »  7*4,  tin  »  7*2 ;  the  basic 
properties  of  the  oxides  CdO,  In^Oj,  SnO^,  successively  vary,  so  that  the  properties  of 
InjOs  are  intermediate  between  those  of  CdO  and  SnO.j  or  CdgOj  and  Sn.204.  The  fact 
of  indium  belonging  to  the  III.  group  has  been  confirmed  by  the  determination  of  its 
specific  heat,  and  also  by  the  fact  that  indium  forms  alums  like  aluminium,  and 
therefore  belongs  to  the  same  group. 

The  same  kind  of  considerations  necessitated  taking  the  atomic  weight  of  titanium 
as  nearly  48,  and  not  as  52,  the  figure  derived  from  many  analyses,  and  of  Te  =  125,  and 
not  128.  And  both  these  corrections,  made  on  the  basis  of  the  law,  have  now  been  con- 
firmed, for  Thorpe  and  Brauner  respectively,  by  a  series  of  careful  experiments,  found 
the  atomic  weights  of  titanium  and  tellurium  to  be  those  foreseen  by  the  periodic  law. 
Notwithstanding  that  previous  analyses  gave  Os  =199*7,  Ir=198,  and  Pt  —  187,  the 
periodic  law  shows,  as  I  remarked  in  1871,  that  the  atomic  weights  should  rise  from 
osmium  to  platinum  and  gold,  and  not  fall.  Many  recent  researches,  and  especiaUy 
those  of  Seubert,  have  fully  verified  this  statement,  based  on  the  law.  Thus  a  true  law 
of  nature  anticipates  facts,  foretells  magnitudes,  gives  a  hold  on  nature,  and  leads  to 
improvements  in  the  methods  of  research,  &c. 
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^bouring  onBB  (for  example,  K  =39  and  C'ji=-10,  or  AI^27  and  Si 
pSl!,  or  C=12  and  N'^14,  ic).  As  iti  a  molecule  of  a  hydrogen 
mpound  there  may  be  either  one,  as  in  HP.  or  two,  as  in  H^O,  or 
L  NHj,  Ac,  atoniB  of  hydroyen,  but  as  there  cannot  be 
!ules  oontaiuing  :2J  atoms  of  hydrogen  to  one  atom  of  an  element, 
p  tliere  cannot  be  any  element  intermediate  between  N  and  O,  with 
K  atomic  weight  greater  thitn  H  or  less  than  IG.  The  nature  of  the 
iriodic  function  of  the  elements  ia  restricted  by  the  fact  that  ao 
a  retains  more  than  4  atoms  of  hydrogen,  and  uo  two  atoma  of  an 
ire  than  8  atoms  of  oxygen.  This  determines  the  eight 
Nips  of  the  elements. 

8.  The  essence  of  the  notions  giving  rise  to  the  periodic  law 
a  genera]  physico- mechanical  principle  which  recognises  the 
relation,  trunsmutability,  and  equivalence  of  the  forces  of  nature. 
hvitation,  attraction  at  small  distances,  and  many  other  phenomena, 
direct  dependence  on  the  mass  of  matter.  Une  cannot, 
lerefore,  but  think  that  chemical  forces  also  depiend  on  mass.  A 
-dependence  is  shown,  because  the  properties  of  elements  and  com- 
pounds are  determined  by  the  masses  of  the  atoms  of  which  they  are 
iormed.  The  weight  of  a  molecule,  or  its  mass,  determines,  as  we 
;  sewn,  many  of  it«  properties  independently  of  its  c-omposition. 
fius  carbonic  oxide,  CO,  and  nitrogen,  Nj,  are  two  gases  having  the 
molecular  weight,  and  many  of  their  properties  (density, 
knefaction,  specific  hent,  it:c.)  are  similar  or  nearly  similar.  The 
B  dependent  on  the  nature  of  a  substance  play  a  secondary 
t,  Olid  form  magnitudes  of  another  order.  So  also  the  properties  of 
lainly  determined  by  their  mass  or  weight.  Only  in  this 
e  there  is  a  peculiarity  in  the  dependence  of  the  properties  on  the 
,  for  this  d(//en(lenee  it  detrrmined  by  a  periodic  law.  As  the 
see  the  propei'ties  at  first  successively  and  regularly  vary, 
I  then  return  to  their  original  magnitude  and  recommence  a  fresh 
d  of  variation  like  the  £rst.  Nevertheless,  here  as  in  other  cas^ 
Himall  variation  of  the  mass  of  the  atom  generally  leads  to  a  small 
rarijition  of  properties,  and  deternninea  differences  of  a  second  order. 
Th*"  atomic  weights  of  cotwilt  and  nickel,  of  rhodium,  ruthenium,  and 
alladium,  aud  of  osmium,  iridium,  and  platinum,  are  very  close  to  each 
r  and  their  properties  are  also  very  nmch  alike — the  differences 
s  not  very  perceptible.  And  if  the  properties  of  atoms  form  a 
1  of  their  weight,  then  many  notiiins  which  have  more  or  less 
1  themselves  in  chemistry  must  suffer  change  aud  be  developed 
orked  out  in  the  sense  of  this  deduction,  because  the  common 
F  the  chemical  elements  regards  their  atoms  as  independent  and 
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indiviiJual,aiid  considera  that  they  evince  their  indepencleut  intlueuce  as 
deteruiiiietl  by  the  wa/u^e  of  the  atoms.  Instead  of  this  idea  of  the 
nature  of  the  elements,  one  of  their  iruug  must  now  be  established,  and 
consequently  it  is  necessary  to  consider,  not  the  influence  of  an 
eienient  taken  individually,  but  to  compare  its  influence  on  the  one 
hand  with  thntof  the  elements  which,  in  their  masses,  stand  close  to  it, 
and  on  the  other  hand  with  the  elements  Iwlonging  to  the  same  group 
but  to  a  different  period.  Many  chemical  deductions  then  acquire  a 
new  sense  and  significance,  and  a  regularity  is  observed  where  it  would 
otherwise  escape  attention.  Tliis  is  seen  particularly  clearly  in  thn 
physical  pi-opertiea,  to  the  considei-ation  of  which  we  shall  afterwards 
turn,  and  we  will  now  point  out  that  tirst  Gustat'son  (Chap.  X.  Note 
28'')  and  then  Potilitzin  (Chap.  XI.  Note  66)  demonstrated  the 
direct  dependence  of  the  reactive  power  on  the  atomic  weight  and 
that  fundamental  property  which  is  expressed  in  the  forms  of  their 
compounds,  whilst  in  a  number  of  other  cases  the  purely  chemical 
relations  of  elements  proved  to  be  in  connection  with  their  periodic 
properties.  As  an  instance  in  question,  it  may  be  mentioned  that 
Camelley  remarked  a  dependence  of  the  decomposability  of  the  hydr»t«8 
on  the  position  of  the  elements  in  the  periodic  system,  whilst  L. 
Meyer,  Willgerodt,  and  othei-s  established  a  connection  between  the 
atomic  weight  or  the  position  of  the  metals  in  the  periodic  system,  and 
their  property  of  ser\'ing  as  mediums  in  the  transference  of  the 
halogens  to  the  hydrocarbons.''"  Keeping  our  attention  in  the  same 
direction,  determined  by  the  periodic  law,  we  see  that  the  most  widely 
distributed  elements  in  nature  are  those  with  ^rnall  ittomic  weights,. 
whilst  in  organisms  the  lightest  elements  exclusively  predominate 
(hydrogen,  carbon,  nitrogen,  oxygen),  whose  small  mass  facilitAles  those 
transfomiations  which  are  pi-oper  to  organisms.  Poluta  (of  Khai-koff), 
C.  C  Botbin,  Blake,  and  others  even  discovered  a  correlation  between 
the  physiological  action  of  salts  and  other  reagents  on  organisms,  and 


I"  Meyer,  Will^l^rodt,  nud  Klliera.  guided  by  the  fact  that  Gustavson  snd  Friedel  hud 
remarked,  thai  iDi-Ulepsis  rapidly  proceeds  iii  the  presence  of  aluminium,  iaTmti^pited 
tha  action  n[  nearly  all  tUe  elements  in  this  respect.  For  example,  they  took  beiueni>, 
added  the  metals  to  lie  eiperimented  on  to  it,  and  passed  chlorine  through  the  liquid  in 
diSnaed  light.  When,  for  inatance,  sodium,  potassium,  barium.  A:c.,  Are  taken,  there  is 
no  action  on  the  benzene— that  ia,  hjdrochlDric  ncid  is  not  disengaged ;  but  if  alninininm, 
gold,  or.  in  general,  any  metal  having  this  power  o[  aiding  ohlorination  (Hologon- 
[Iberti^gerj,  ii  employed,  then  the  action  is  clearly  seen  From  the  volumes  of  hydro- 
chloric acid  evolved  (especially  if  the  metaUic  chloride  formed  U  soluble  in  beniene). 
Thus,  in  the  L  group,  and  in  general  among  the  even  and  Hghl  elements,  there  ore  none 
liapablii  of  aerviug  as  agents  of  metalepais ;  hut  aluminium,  galliDm,  indium,  antimony, 
tellurium,  and  iodine,  nhic-li  are  contigaoos  memben  in  the  periodic  system,  anexcellenl- 
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logens. 
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the  positions  occupied  in  \,he  periodic  i^ystem  b;  tlie  metals  contititied 
Tjy  them," 

Am,  from  the  essenoe  of  the  mittter,  the  phvsiLtil  properties  must  be 
in  dependence  on  the  cotnpoaitiou  of  a  substance  and  the  nature  of  the 
«lemeuta  forming  it,  eo  fur  tliem  also  iiue  must  expect  a  dependence  on 
~tlie  atomic  weight  of  the  component  elements,  and  consequently  s,\so  on 
"their  periodic  distribution.  A'e  slmll  meet  with  repeated  pT'Oofs  of 
lliis  iji  the  further  exposition  of  our  treiitise,  und  for  the  present  will 
«out«nt  oui-selvea  with  citing  the  diacovery  by  Camelley  in  1879  of  the 
dependence  of  the  magnetic  properties  of  the  elements  nn  the  position 
occupied  by  them  in  the  perio<lic  system.  Carnelley  showed  that  »i! 
the  elements  of  the  even  series  (beginning  witli  lithium,  potassium, 
rubidium,  ceesium)  belong  to  the  number  of  magnetic  (paramagnetic) 
substances  ;  for  example,  according  to  Faraday  and  others,  C,  K,  O.  K, 
Ti,  Cr,  Mn,  Fe,  Co,  Ni,  Rh,  Pd,  Ce,  Os,  Ir,  Pt  are  magnetic.  And 
the  elements  of  the  nneren  series  are  diamaffitetic,  H,  Na,  Si,  P,  S,  CI, 
Cu,  Zn,  As,  8e,  Br,  Ag,  Cd,  8n,  Sb,  I,  Au,  Hg,  Tl,  Pb,  Bi. 

Then  Carnelley  allowed  that  the  meUing-point  of  elements  varies 
periodically,  as  b  seen  by  Table  III,,  where  all  the  most  trustworthy 
data  are  collected,  and  those  which  are  of  the  highest  and  least 
significance  are  clearly  seen.'*     A  like  dependence  is  found  on  com- 

■■  The  periodic  reUliona  mamemttd  above  nppurttiin  to  the  real  eleiui-iits,  and  iiot 
tiitlie  elemenU  in  Lhe  iaoliited  ataie  u  we  knon  tliem;  nnd  il  is  very  importanL  to  note 
this,  tiecftlue  the  periodic  law  refers  to  the  renJ  elementH,  inaamneh  u  the  atomie  weight 
is  proper  lo  the  real  eleitient  nnd  not  to  the  isolated  element,  to  which,  as  to  a  eom- 
[»>Biid,  a  moleculur  weight  ia  proper.  Pbjaical  propertiee  are  chiefly  determined  by  the 
ptviwrtiea  of  raoleculea,  and  only  indirectly  depeud  on  the  propertiee  ol  tlisntniiiKformitiK 
iht  molwules.  For  tins  reason  the  periods,  which  are  cleurl;  and  quite  dintinctl; 
eapreaaed— tor  ingtance,  in  the  forma  of  comhiualion— become  to  aome  extent  involred 
{cnni|>lioaled)  in  the  phjaicaJ  properties  of  theii  memb4>rB.  Thue,  for  instunce,  bcHldes 
the  maxima  and  minima  corresponding  with  the  periods  and  ({roapii,  new  moleciiieB 
■ppeui  tboa,  as  regaids  tlie  nielting'point  of  Kermaniam,  a  local  inaximnm  apiwurii, 
vhich  WM,  however,  foreseen  by  the  periodic   law  when  the  proporticB  of  germsuiura 


i*  evident  that  many  of  the  figures,  especially  those  enceeding  1000°,  have  br^cn 
>d  with  but  little  exactitude,  and  some  (between  bruketii)  are  girea  by  me  only 
un  Uie  bau*  of  rough  and  oomparative  detennioations,  which  I  hftve  c«lcDlat«d  from  the 
inel^ng-pmnla  of  litver  and  plaUaam,  now  eetiLbliahed  by  many  cdiHT«en.  Besidee  the 
Utfe  fterioda  whose  nutim&  coneapond  with,  oaibon,  ailicoo,  litaninm,  rutheoinni  (?), 
Aiid  onniam  (?),  there  are  also  aninll  periods  in  the  melting-points,  and  their  mBiimn 
oimeepoiid  with  sulphur,  arsenic,  antimony.  The  minima  correspond  with  the  bslogens 
■ju!  metals  of  the  alkalis.  In  the  colnmu  foUowing  the  melting. points  are  given  the  co- 
WGdenti  of  linear  expansion  (chiefly  according  to  Fiuwu)  in  order  to  direct  attention  lo 
the  connectioQ  between  these  magnitudes  md  the  melting. points.  Raoul  Pictet  ex- 
pr*>«(d  this  runneclion  by  the  fact  that  he  found  the  product  a(f  t-97S)^.W  to  be  nearly 
roU'dknl  (or  nil  elements  in  the  free  alale,  and  nearly  equal  to  OlliS,  and  being  the  co- 
(dLiimil  <>(  linKir  expansion,  f +  9TS,  the  melUn^t-point  calculated  from  the  absolute  lem 
1  ~  SIS''},  and  ^  d,  the  mean  distance  betweeu  tlM  atoms,  if  A  is  Uie  ktmnic  weight  and 
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paring  the  melting- jioints  of  the  metallic  chlorides,  many  of  which  were- 
re-inveatigiited  for  this  purpose  by  Carnelley.'* 

d  the  sp,  p.  of  ui  element.  Although  the  above  pToducl  is  uol  striL'tly  coastiuit  (fur 
eiunple,  for  tin  it  is  1»b  thui  D-03),  iwTe-rthelew  Pictet'*  nils  gives  sji  idea  of  the  bond 
bstweeu  migniwdes  which  ought  to  have  n  certain  tonnet-tion  with  each  other. 

>*  The  melting-points  (uid  boiling-points,  in  bnoketi)  of  (he  (nlliiwing  chlirides  ■»; 
known,  and  a  certain  regul&Htf  U  seen  t?  exist  in  them,  althongh  the  number  of  data  ia 
iuufficient  (or  ite  genernliintion — 


LiCI  .-iSM" 

BeCli  600^ 

BCl;-90" 

NaCl  m" 

MgCl,79a^ 

AJCl,  187=' 

KCllBf 

C.CL71«" 

SeClj? 

CaCI  4B4° 

ZnCl,  a<JS° 

GaClsTS" 

(9»8=) 

(tm^i 

(317") 

AgCI  4S1= 

CdClj  SJI^ 

Inaj  7 

Tici  ar 

PbCliWS^ 

BiCljSJTP 

1718°) 

(we^l 

Wa  will  abo  entuuerate  the  following  datn,  which  are  not  void  o(  inlereat  (or  compAiison  : 
HCl  (-112=)  (-Itt*");  BhCl  710",  SrCl-  «a5°,  C»CI  BSI°,  BaCI,  860°,  SbClj  78'  (MS"), 
ToCl,  aOB^  (837-),  ICI  S7°,  HgCL,  870'=  (BOS'),  PeClj  80eS  NbCl,  iat=  (840°),  TuCli  ail" 
(943°),  WClg  IMF.  The  melting-points  of  tlie  bromides  and  indidea  are  higher  or  lower 
than  those  of  the  cvnesponding  chlorides,  aocording  (a  the  atomic  weight  of  the  etemeot 
■od  number  of  atottu  of  the  halogen,  as  is  seen  from  the  following  examples: — 1.  KCL 
7M°,  KBr  BTO",  Kl  tt84  ;  a.  AgCI  4S4=,AgBr  *J7^  Agl 587-^;  3.  PbCl,498''(900°),  PbBr, 
4B9°  (861"),  Pblj  SaS'-'  (WIT);  4.  SnC!,  below   -20°  (114°),  SnBr,  80°  (901°),  SnI,  148= 

Laaria  11883)  also  obaerved  a  perioflfrily  in  tli"  nmowf  nf  heat  derelppcd  in  tha 


F  PlO.TI 

■  Dtll> 

■  troi 

■  chl. 

■  and 

H  flgares,  where  the  heat  developed  i<  eipranncd  in  thoasands  ofuloriei,  and  referred  to  a 

H  moleoole  of  chlorine.  Cl„  >g  that  the  hent  of  formation  of  ECl  is  donbled.  and  that  of 

■  SnCU  haired,  &e. :  Na  laS  lAg  50,  An  19),  Mg  151  (Zn  97,  Cd  08  Hg  C3),  At  117,  8t  79 

t "■""" 
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There  is  no  doubt  that  many  other  physical  properties  wil],  when 
furtlier  studied,  also  prove  to  be  in  periodic  dependence  on  the  atomic 
weighU,  but  at  present  only  a  few  are  known  with  any  completeness, 
utid  we  will  linger  over  the  one  which  is  the  most  easily  and  frequently 
detrrmined — namely,  the  sjiKclfic  gravil;/  in  a  solid  and  liquid  state,  the- 
more  especially  as  its  connection  with  the  chemical  pmperties  and  rela- 
tions of  substances  is  shown  at  every  step.  Thus,  for  instance,  of  all 
the  metals  those  of  the  alkalis,  and  of  all  the  non-metals  the  halogens. 
are  the  most  energetic  in  their  reactions,  and  they  have  the  least 
specific  gravity  among  the  adjacent  elements,  as  is  seen  in  Table  III.. 
8uch  are  sodium,  potassium,  rubidium,  ctesiura  among  the  metals,  and 
chlorine,  bromine,  and  iodine  among  tlie  non-metals  ;  and  as  such  un- 
energetic  metals  as  iridium,  platinum,  and  jjold  {and  even  charcoal 
or  the  diamond)  Iiave  the  highest  specific  gravity  among  the  elements- 
nenr  to  theni  in  atomic  weight,  therefore  the  degree  of  the  conden- 
sation of  matter  evidently  influences  the  course  of  the  ti-ansformations. 
proper  U>  a  substance,  and  furthermore  this  dependence  ou  the  atomic 
weight  is  of  a  ole«rly  periodic  chamcter.  In  order  to  account  for 
this  to  some  extent,  one  may  imagine  that  the  lightest  elements  are- 
porous,  and,  like  a  sponge,  are  easily  penetrated  by  other  substances, 
whilst  the  heavier  elements  are  more  compressed,  and  give  way  witlii 
difficulty  to  the  insertion  of  other  eleEuents.  These  relations  are  best 
understood  when  instead  of  the  specific  gravities  referring  to  a  unit  of 
volume,*"  the  alomie  voluities  of  the  eleiMuta — that  is,  the  quotient  A  /d  of 

UDOunl  of  heHt  t»  evolvvd  hy  the  nietaU  at  tbe  a.[kiCH».  unit  that  in  uof h  period  it  fallK 
[rom  them  Lcj  Uie  bAlu^iii,  which  eTotre  very  little  he&t  ia  combining  together. 

In  this  rmpei-t  it  rnny  not  be  saperHuoDe  to  temuk  (l|  thttt  Tbomsea,  whose  reinlts. 
I  hsTe  employed  alwTe.  alceiuly  saw  a,  correUtioii  in  the  calorific  equiralentaot  unologone- 
■ImnvntK.  itltbongh  be  die!  not  remnrk  Ibeir  periodic  curiitlion  ;  lU)  tbst  the  onifonnity 
ol  iDiuiy  tlienuocbemicoi  dednutionH  itmet  gain  con»denbly  by  the  applicntion  ot  the- 
periodic  law,  wbich  evidently  repeatH  itBell  in  calorimetric  dutB.,  and  il  these  data  fre- 
qnctitly  loul  to  true  /oTccaete.  this  ie  dne  (o  the  periodicity  of  the  thermal,  an  well  as  ot 
many  nthm  properties,  u  Lanrie  remarked ;  and  (S)  that  the  heat  of  [onnation  of  the 
olidn  19  oUu  hubjecC  to  a  periodic  dependeucs  which  differs  from  tliat  ot  the  heat  of 
lonnatinn  of  the  chloridea.  in  that  the  greatEst  quantity  cormsponda  with  the  biTalent 
metaU  of  Lhe  alkaline  earths  InKignesiuni.  caJciiLm,  strontium,  borinm),  and  not  with  th« 
Dnii'alent  metals  of  the  alkalis,  aa  is  the  cave  with  chlorine,  biontine,  and  iodine.  This 
(ucnmirtiuice  is  probably  connected  with  the  tiu:t  that  chlorine,  bromine,  and  iodine  are' 
vniviJent  elements,  and  oxygen  bivalent. 

*  Having  occupied  mywU  Bim:e  tbe  Hflies  (my  dissertation  tor  the  degree  of  M.A. 
eonoemed  [he  upeciSc  volumes,  and  ib  partially  printed  in  tbe  Buitian  Mining  Jouriml 
lot  ISM)  witb  the  probleuis  caocemiug  tbo  relaticniB  between  the  specific  gravities  and 
tolunieii,  and  the  chemical  compoailions  ot  subetancps,  I  am  inclined  to  think  that  the 
diMDt  iavMligatioii  of  speciEc  gravities  gives  eseentiall]'  tbe  same  resolts  as  the  iiiTeiti- 
^ioci  uf  *i>ecific  volumes,  only  that  the  Utter  ore  more  graphic.  Table  III.  of  tliu 
peiiudic  properties  of  the  cUmentB  clearly  illuatrates  this.  Thus,  for  UiORe  membcrr 
vhuH  volume  ia  tlie  gceateiit  among  the  coiitiguouBeleiueiito,  th<^  »t«cinc  gravity  is  leaal 
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the  atomic  weight  A  by  the  specific  gravity  d — are  taken  for  comparison. 
As,  according  to  the  whole  sense  of  the  atomic  doctrine,  the  actual 
matter  of  a  substance  does  not  fill  up  its  whole  cubical  contents,  but  is 
surrounded  by  a  medium  (ethereal,  as  is  often  imagined),  like  the  stars 
and  planets  which  travel  in  the  space  of  the  heavens  and  fill  it,  with 
greater  or  less  intervals,  so  the  quotient  A/d  only  expresses  the  mean 
volume  corresponding  to  the  sphere  of  the  atoms,  and  therefore  1/  A/d 
is  the  mean  distance  between  the  centres  of  the  atoms.  For  compounds 
whose  molecules  weigh  M,  the  mean  magnitude  of  the  atomic  volume  is 
obtained  by  dividing  the  mean  molecular  volume  M/d  by  the  number 
•of  atoms  n  in  the  molecule.^ ^  The  above  relations  may  easily  be 
expressed  in  this  sense  by  comparing  the  atomic  volumes.  Those 
<;omparatively  light  elements  which  easily  and  frequently  enter  into 
reaction  have  the  greatest  atomic  volumes  :  sodium  23,  potassium  45, 
rubidium  57,  caesium  71,  and  the  halogens  about  27  ;  whilst  with 
those  elements  which  enter  into  reaction  with  difficulty,  the  mean 
:atomic  volume  is  small ;  for  carbon  in  the  form  of  the  diamond  it  is 
less  than  4,  as  charcoal  about  6,  nickel  and  cobalt  less  than  7,  iridium 
and  platinum  about  9.  The  remaining  elements  having  atomic  weights 
and  properties  intermediate  between  those  elements  mentioned  above 
have  also  intermediate  atomic  volumes.  Therefore  t?ie  specific  gravities 
and  specific  volumes  of  solids  and  liquids^  like  all  their  other  proper- 
ties, stand  in  periodic  dependence  on  the  atomic  weights,  as  is  seen  in 
Table  III.,  where  both  A  (the  atomic  weight)  and  d  (the  specific  gravity), 
-and  A  jd  (specific  volumes  of  the  atoms)  are  given. 

Thus  we  find  that  in  the  periods  beginning  with  lithium,  sodium, 
potassium,  rubidium,  caesium,  and  ending  with  fluorine,  chlorine, 
bromine,  iodine,  the  extreme  members  (energetic  elements)  have  a 
•small  density  and  large  volume,  whilst  the  intermediate  substances 
:gradually  increase  in  density  and  decrease  in  volume — that  is,  as  the 


— that  is,  the  periodic  vaxiation  of  both  properties  is  equally  evident.  In  passing,  for 
instance,  from  silver  to  iodine  we  have  a  successive  decrease  of  sp.  gr.  and  successive 
increase  of  sp.  volume.  The  periodic  alternation  of  the  rise  and  fall  of  the  sp.  gr.  and  sp. 
vol.  of  the  free  elements  was  communicated  by  me  in  August  1869  to  the  Moscow  Meet- 
ing of  Russian  Naturalists.  In  the  following  year,  1870,  L.  Meyer's  paper,  also  respecting 
the  sp.  vol.  of  the  elements,  appeared. 

*i  In  my  opinion  the  mean  volume  of  the  atoms  of  compounds  deserves  more  atten- 
tion than  has  yet  been  i>aid  to  it.  I  may  point  out,  for  instance,  that  for  feebly  energetic 

'Oxides  the  mean  volume  of  the  atom  is  generally  nearly  7;  for  example,  the  oxides  SiOj, 
Sc-Ps,  TiOa,  V2O5,  as  well  as  ZnO,  GajOs,  GeOi,  ZrO.2,  In.Os,  SnO.,,  Sb-^Oi,  &c.,  whUst 
the  mean  volume  of  the  atom  of  the  alkali  and  acid  oxides  is  greater  than  7.  Thus  we 
find  in  the  magnitudes  of  the  mean  volumes  of  the  atom  in  oxides  and  salts  both  a 
periodic  variation  and  a  connection  with  their  energy  of  essentially  the  same  character  as 

'O.'curs  in  the  case  of  the  free  elements. 
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nU>ni!c  weight  increases  the  density  rises  and  falls,  again  rises  and  falls, 
aud  so  on.  Furthermore,  the  energy  decreEises  as  the  density  rises,  and 
the  greaKet  density  is  proper  to  the  atomically  heaviest  and  least 
wiergetic  elements. 

In  onler  to  explain  the  relation  between  the  volames  of  the  ele- 
ments and  of  their  compounds,  Taltle  III.  gives  the  densities  and 
volumes  of  the  higher  saline  oxides  of  the  niajoiity  of  the  elements 
arranged  in  the  same  order  as  in  the  case  of  the  elements.  For  con- 
venience of  comparison  the  volumes  of  the  oxides  are  all  calculated 
per  two  atoms  of  an  element  combined  with  o\ygen,  For  example, 
the  density  of  AljO^=!40,  weight  Al:,Oa=103,  volume  A1.0a  =  25'5. 
Whence  it  is  directly  seen  that,  knowing  the  volume  of  aluminium  to 
be  1 1  in  the  formation  of  aluminium  oside,  22  of  its  volumes  give  2S'5 
volumes  of  oxide. 

Al»OTe  all  a  distinct  periodicity  may  also  be  observed  with  respect 
to  the  specific  grarities  and  volumes  of  the  higher  saline  oxides.  So 
in  each  period,  beginning  with  the  alkali  oxides,  the  specific  gravity 
first  riaes,  reaches  a  maximum,  and  then  falls  on  passing  to  the  acid 
oxides,  and  again  becomes  a  minimum  about  the  halogens.  But  it  is 
especially  important  to  turn  attention  to  the  fact  that  the  volume  of 
the  alkali  oxides  is  less  than  that  of  the  metal  contained  in  them,  whicli 
is  also  expressed  in  the  tenth  column,  giving  this  difference  per  one  atom 
of  oxygen."  Thus  2  atums  of  sinlium,  or  46  volumes,  give  24  volumes 
of  Na,0,  and  about  37  volumes  of  2NaH0 — that  is,  the  oxygen  and 
hydrogen  in  distributing  themselves  in  the  meiliuin  of  sodium,  have 
not  only  not  increased  the  distance  between  its  atoms,  but  have  brought 
them  neaner  together,  have  drawn  them  together  by  the  force  of  their 
great  athnity,  and  evidently  by  reason  of  the  small  mutual  attraction 
of  the  atoms  of  sodium.  Such  metab  as  aluminium  and  zinc,  in  com- 
bining with  oxygen  and  forming  oxides  of  feelile  salt-forming  capacity, 
hardly  vary  in  volume,  but  the  common  metals  and  non-metals, 
and  especially  ihoee  foi'ming  acid  o.vides,  always  give  an  increased 
volume  vhen  oxidised — tliat  is,  the  atoms  are  set  further  apart  in  order 
to  m&ke  room  for  the  oxygen.     The  oxygen  in  them  does  not  compr^ 

"  The  Tnlnme  of  oxj^n  (Table  HI.  Fotiiinn  ID)  ia  eridantlj  a  vatiible  ijasntttj .  fonn- 
Eng  >  ditbnctl;  poriDdia  fanctioD  of  Ch>!  tlomic  ireigbC  tnd  type  of  Che  oiide,  iind  there- 
tan  UiH  eOoTtn  nhinh  were  fonoErlj'  made  lo  find  (he  ralnmeof  the  atom  of  oiygeo  iiitho 
Tolunuw  of  its  compound*  maj'  be  conaidered  to  be  futile.  But  a«  a  diatinct  iMuitractian 
takn  ■>!■«  IB  the  faimntion  ot  oiideB.  if  the  volame  of  an  oiiide  ia  freqamtlT  leta  tbui 
the  Tnlimifl  in  the  free  state  of  the  elemenl  contnined  in  it.  one  would  think  that  tli» 
Tolnm*  of  oiygen  in  a  free  nUte  in  between  I'i  and  15,  judging  from  the  figure*  giVen  iu 
the  HMud  colomn,  and  therefore  the  specific  gnvit]'  [Vol.  I,  p.  leS)  of  lolid  oiyj^ea  in  m 
(roe  itale  woolil  be  about  OB. 

TOL.  n.  D 
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rh*ii|m  nf  rdlnrae  g^nernlly  tnkei  p]teo — that  in,  the  sum  of  the  lalamcB  ol  the  reacting 
'  kitbe  gum  ol  theteHDltunt  enbHtnuces. 
n.  Usitce  it  is  iiu|>o8Eible  to  jticlgu  the  volatne  of  the  cniaponeut  anbBtani'eB  [ram  the 
ame  nF  ■  uumponod,  slthnagh  it  m  posniblo  to  do  •□  from  the  prodact 
T.  Thv  repluemeot  o[  H^  by  loilitiin,  2i»^  and  by  biTintn,  Bo,  o)  well  as  the  repine 
~     ~    hj  CI],  •GBioely  dungcs  tbe  volume,  hut  the  volnniu  innvuus  with  the  r 
"    "  deoreaiwowitli  the  replaeemBnt  of  Hj  hy  Li),  Ch,  •nil  Mg. 
domporing  volmnes  in  a  soUil  aud  liquid  state  at  the  ^ 
IS — that  ih,  at  temperatures  nt  wiiich  tbe  VApour  lenston 
'isoD  of  volumea  nt  the  ordinnry  temperature  is  mffiuiv' 
latiuuB  of  volnmea  (this  deduction  nas  developed  vl: 
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thfkt  the  oiides  of  light  metals  have  nlesi  volume  than  the 

iifinin  hydroxide  it  conn  iderahly  greater,  which  ia  eiplaiueil 

lur  rind  IBStabilit;  of  the  latter.    In  proof  of  Ihia  we  may  cite 

ysn)  is  greater  tliun  that  of  its  stable  liydroiide  (sp.  gt.  tS, 

■  of  tile  Inie  alkalis.     The  volameB  of  the  salts  of  laagnesiani 

an  till?  Tolnme  of  the  inetal,  witli  the  aingle  eii^eption  of  Ihe 

I  Ibe  heary  metals  the  volaioe  of  the  CAtnpnand  is  alvayi 

till'  metal,  and  moreover,  for  sneb  oompoiiods  *»  silTcr  iodide, 

lalide,  Hgl.j('J^D-3,itndtbevo!nmesof  thecoinponndsil  and 

»und  is  greater  than  the  sum  of  tbe  tolame*  of  the  component 

•f  the  volumes  Ag-vJI^SU,  and  the  tolame  of  Agl^ll.     This 

!t»  on  canipsTingthevolumeBR-i'I  =  71  with  the  volnm^ 

,  because  its  density^ aott. 

liuations,  betveen  solids  and  liquids,  as  are  sol  atians,  alloy*, 

limilar  feeble  chemical  compounds,  the  sum  of  the  reaoting 

Miy>  very  nt'uly  that  of  the  leeutling  substance,  hut  here  the  roloms  is 

iv  larger  or  smallei  than  the  original;  speaking  generally,  the  omoimt  of 

depends  on  tbe  forte  of  affinity  acting  between  the  conibiuiug  sub»l«uces. 
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the  molecule  as  in  the  alkalis ;  it  is  therefore  comparatively  easily 
disengaged. 

As  the  volumes  of  the  chlorides,  organo- metallic  and  all  other 
corresponding  compounds  also  vary  in  a  like  periodic  succession  with  a 
change  of  elements,  it  is  evidently  possible  to  indicate  the  properties 
of  substances  yet  uninvestigated  by  experimental  means,  and  even  those 
of  yet  undiscovered  elements.  It  was  possible  by  following  this  method 
to  foretell,  on  the  basis  of  the  periodic  law,  many  of  the  properties  of 
scandium,  gallium,  and  germanium,  which  were  verified  with  great 
accuracy  after  these  metals  had  been  discovered."  Therefore^  the 
periodic  law  has  not  only  embraced  the  mutual  relations  of  the  ele- 
ments and  expressed  their  analog}^  but  has  also  to  a  certain  extent 
subjected  to  law  the  doctrine  of  the  types  of  the  compounds  formed  by 
the  elements  ;  has  enabled  us  to  see  a  regularity  in  the  variation  iji 
all  chemical  and  physical  properties  of  elements  and  compounds,  and 
has  rendered  it  possible  to  foretell  the  properties  of  elements  and 
compounds  yet  uninvestigated  by  experimental  means ;  it  therefore 
prepares  the  ground  for  the  building  up  of  atomic  and  molecuUff 
mechanics.^** 

^  As  an  example  we  will  take  indinm  oxide,  In^O.-^.  Its  sp.  gr.  and  sp.  vol.  ahoaldba 
the  mean  of  those  of  cadminm  oxide,  Cd.^O.^,  and  stannic  oxide,  SOijO^,  as  indimn  •tandi 
between  cadmium  and  tin.  Thus  in  the  seventies  it  was  already  evident  thaA  the 
volume  of  indium  oxide  should  be  about  88,  and  its  sp.  gr.  about  7'2,  which  was  confixmcd 
by  the  determinations  of  Nilleon  and  Pettersson  (7179)  made  in  1880. 

'^  As  the  distance  between,  and  the  volumes  of,  the  mclecnlesand  atoihs  of  iolidi  and 
liquids  certainly  enter  into  the  data  for  the  solution  of  the  problema  of'tnolaeiilar 
mechanics,  which  as  yet  has  only  been  worked  out  to  any  extent  for  the  gaseoaa  statfe, 
therefore  the  study  of  the  specific  gravity  of  soUds,  and  especially  of  liqaids,  faaa  long 
since  had  a  vast  literature.  With  resi>ect  to  solids,  however,  a  great  diffically  w  nwt 
with,  owing  to  the  specific  gravity  varying  not  only  with  a  change  of  ispmeiric  itele  (for 
example,  for  silica  in  the  form  of  quartz  =2'C5,  and  in  tridymite  »2'2)  but  also  d^zectij 
under  mechanical  pressure  (for  example,  in  a  crystalline,  bast,  and  forged  metal^  and 
even  with  the  extent  to  which  they  are  powdered,  &c.,  which  influences  are  imperoc^fcible 
in  liquids. 

Without  going  into  further  details,  we  may  add  to  what  has  been  said  above  that  (he 
conception  of  specific  volumes  and  atomic  distances  has  formed  the  subject  of  a  laige 
number  of  researches,  but  as  yet  it  is  only  possible  to  mention  a  few  generaliaations  given 
by  Dumas,  Kopp,  and  others,  which  are  mentioned  and  amplified  by  me  in  my  work  cited 
in  Note  20,  and  in  my  memoirs  en  this  subject. 

1  Analogous  compounds  and  their  isomorphs  have  frequently  nearly  the  same  mole- 
cular volumes. 

2.  Other  compounds,  analogous  in  tlieir  properties,  exhibit  molecular  volomes  whioli 
increase  with  the  molecular  weight. 

3.  When  a  contraction  takes  place  in  combination  in  a  gaseous  state,  then  contractkm 
is  in  the  majority  of  instances  also  to  be  observed  in  the  solid  or  liquid  state — that  is, 
the  sum  of  the  volumes  of  the  reacting  substances  is  greater  than  the  volume  of  the 
resultant  substai:ce  or  substances. 

4.  In  decomposition  the  reverse  takes  place  to  that  which  occurs  in  combination. 

5.  In  substitution  (when  the  volumes  in  a  state  of  vapour  do  not  vary)  a  very  "«*n 
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cbAiitt^  ^'  volume  generally  takea  place — that  is,  the  anm  of  the  valoAca  of  tils  reacting 

a^  Heiioe  U  lb  iiupo«Bible  to  judge  the  rolume  of  the  componeut  sabiktaacei  from  the 
ToJnin*  of  %  uon)|Kiand.  altliongh  it  is  possible  to  do  »o  from  the  prodnet  of  anbutitution. 

T.  Tbc  repWement  of  Hj  by  aodiain.  Niig.  and  by  barium,  Ba,  u  veil  as  the  replace- 
ment III  SO,  by  Clq,  ncoTwly  ohangce  Ihe  volume,  but  the  Tolnme  inneniWH  with  the  re- 
plaaxinenl  uf  Xa  by  &.  and  decreoies  with  the  replKement  of  H,  by  Li^  Ca,  and  M|{. 

■.  Tlien  is  no  ronndntion  (or  ounpiiTing  TOlamoii  in  t,  noliil  and  liignid  «tate  at  Ihe  so- 
«Blled  coTTocpanding  temperatarei— tiint  is,  at  tempproturea  at  which  the  vapour  leuMon  it 
equal  in  each  owe.  Tbo  comparinon  of  voluniee  at  the  ordinary  l«mp«raturo  ia  enfficicnt 
for  finding  a  regaloritj  iu  the  relatioiu  of  volumes  (this  dudnution  was  developed  witli 
putii-nlar  detail  by  me  in  ias6). 

a.  Many  (Perwau,  SBhri!d«r.  LMwig,  Playlaii  and  Joule,  Bnurlrimont,  Einliiirdt)  hnre 
•Doeht  in  vain  lor  a  mnlliple  proportion  in  the  Bpei:ific  votumee  of  uolidn  and  liquids. 

10.  Tlie  truth  of  the  above  is  iieeu  very  clearly  in  con.paring  the  volumen  of  polympcio 

{^viliea  nl  polymeric  aubBtoncea  Bat  an  a  mle  the  most  uoQiptei  |>ulymeride«  ive 
dcasKt  Ulan  the  simpler. 

11.  We  already  know  that  the  oxides  of  light  metals  have  a  less  volntne  than  the 
maWlo,  whilst  Uiat  of  magnesium  hvdroxide  is  considerably  greater,  wiiit^b  is  eiplaJoed 
by  Ihe  alabihty  of  the  lonner  and  iDstability  of  the  latter.  Iu  proof  of  this  we  mny  cite 
that  Uie  volame  of  barinui  {an]  ii  greater  than  tlut  of  its  stable  hydroxide  {tp.  gr.  I'd, 
nl.  m  OH  well  •■  of  thme  of  the  tme  alkalis.  The  volnines  of  the  salts  of  mogneainm 
and  coiciuin  are  grea(«I  than  the  volume  of  the  metal,  with  the  single  exception  of  lbs 
llUivide  uf  coii'ium.  With  the  heavy  metals  the  Yotume  of  the  compound  is  olway* 
giMitcr  than  Ihe  volume  ol  the  metal,  and  moreover,  lor  such  compounds  as  silver  iodide, 
A«lli(-G'TI,andniercnticiodide.  UgI](if-^n-a,BndthevDlnmoBof  thecompuunds^l  and 

•lonwBl*.  Tims  the  sum  of  the  volames  Agi- 1 -86,  and  the  volame  of  Agl  ^41.  This 
■Msdaoul  with  pHTticular  cleamesa  on  comparing  (he  volnmesK  +  l  —  Tl  with  the  volume 
td  KI,  which  is  equal  to  S4,  because  its  density^  KM. 

U.  In  mch  hinds  of  oimbiruttionB, between  solids  Mid  lii|nids,  Mare  snlnliims,  alloys, 
iwmorpboDs  miituiee,  and  similar  feeble  cbeniical  cumponnda,  the  sum  uf  tlie  reacting 
tnbstancea  is  always  very  nearly  that  of  the  resDltiug  substance,  but  here  the  viilume  ie 
either  eligfatly  larger  or  smaller  than  the  original:  speaking  geneml!},  the  amount  of 
ODOtnctitn  depends  on  the  force  of  oAoily  acting  belweeu  the  cutuliiiiiig  auhslaiices. 
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CHAPTER  XVI 

ZINC,    CADMIUM,    AND   MERCURY 

These  three  metals  give,  like  magnesium,  oxides  RO,  which  form 
feebly  energetic  bases,  and  like  magnesium  they  are  volatile.  The 
volatility  increases  with  the  atomic  weight.  Magnesium  can  be  dis- 
tilled at  a  white  heat,  zinc  at  a  temperature  of  about  930°,  cadmium 
alx)ut  770°,  and  mercury  about  360°.  Their  oxides,  RO,  are  more 
easily  reducible  than  magnesia,  and  mercuric  oxide  is  the  most  easily 
reducible.  The  properties  of  their  salts,  RXj,  are  very  similar  to 
the  properties  of  MgX.^.  Their  solubility,  power  of  forming  double 
and  basic  salts,  and  many  other  qualities  are  in  many  respects  identical 
with  those  of  MgX2.  The  greater  or  less  ease  with  which  they  are 
oxidised,  the  instability  of  their  compounds,  the  density  of  the  metals 
and  their  compounds,  their  scarcity  in  nature,  and  many  other  properties, 
gradually  change  with  the  increase  of  atomic  weight,  as  might  be 
expected  from  the  law  of  periodicity.  Their  principal  characteristics, 
compared  with  magnesium,  already  find  expression  in  the  fact  that 
zinc,  cadmium,  and  mercury  are  heavy  metals. 

^inc  stands  nearest  to  magnesium  in  atomic  weight  and  in  pro- 
perties. Thus  zinc  sulphate,  or  white  vitriol,  easily  crystallises  with 
seven  molecules  of  water,  ZnS04,7H20.  It  is  isomorphous  with  Epsom 
salts,  and  parts  with  difficulty  with  the  Ifiwt  molecule  of  water  ;  it 
forms  double  salts — for  instance,  ZnK2(S04)2,6H.20,  exactly  as  mag- 
nesium sulphate  does.*     Zinc  oxide,  ZnO,  is  a  white  powder,  almost  in- 

*  Zinr  Hulphate  is  often  obtained  eh  a  bye-product — for  inetance,  in  the  action  of 
galvanic  batterien  containing  zinc  andsnlphuric  acid.  When  theanhjdroas  nalt  is  heated 
it  forms  zinc  oxide,  sulphurous  anhydride,  and  oxygen.  The  solubility  in  100*  parts  of 
water  at  0^  =  48,  20°  =  58,  40°  =  63A,  60°  =  74,  80=  =  84^,  100°  =  95  parts  of  anhydrous  sine 
sulphate  -  that  is  to  say,  it  is  nearly  expressed  by  the  formula  48  +  0'52f . 

An  admixture  of  iron  is  often  found  in  ordinary  sulphate  of  zinc  in  the  form  of  ferrous 
sulphate,  Fe804,  isomorphous  with  the  zinc  sulphate.  In  order  to  separate  it,  chlorine  is 
pa<«sed  through  the  solution  of  the  impure  salt  (the  ferrous  salt  then  passes  into  ferric), 
the  solution  is  then  boiled,  and  zinc  oxide  is  afterwards  added,  which,  after  some  time 
has  elapsed,  precipitates  all  the  ferric  oxide.  Ferric  oxide  of  the  form  R2O3  is  dis- 
placed by  zinc  oxide  of  the  form  RO. 
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Boluhle  in  water,'  like  mugnesift,  from  which,  however,  it  is  <li 
by  its  solubility  in  solutions  of  scidium  mid  potassium  hydroxidefi.^  Zinc 
chloride  is  decomposed  by  water,  combines  with  aninionium  chloride, 
potassium  chloride,  ic,  just  like  miignesiuni  chloride,*  Altogether  the 
resemblance  between  zinc  and  maguosiu  mcom pounds — particularly  when 

'  Ziae  oxide  iiolitaiDed  both  by  the  combusttoa  Mid  oxidation  of  linc,  uid  nlso  by  the 
ignition  ol  ■oma  of  iUB&lta — For  instsnee,  thoce  olcu-bonic  and  nitric  iKida  ;  it  in  tikewisfl 
pnciintitted  b;  alkalis  fiom  a  lolutioii  of  ZaX^.  in  the  lorm  of  a  Kelatinona  hjdioiide. 
Tlie  oxide  pioduced  by  ronsling  luic  blends  (by  baming  in  the  air  when  the  sultibiir  is 
oonTorted  into  anlpfanrDDB  anhydride)  oontains  varioaa  impuriticH.  For  porlHciLtlon,  the 
oiide  i*  mixed  with  water,  and  the  ■alpburoo*  anhydride  lormad  by  nwHting  the  blende 
i>  [hwihI  through  it.  Zinc  biinlpbite,  Zn^Os.XjSOi,  then  pBHses  inM  solution.  U  a 
wlntion  of  thii  salt  be  evaporated,  uid  the  reeldne  ignited,  lina  oxide,  tree  [roiu  many 
of  its  impurities,  trill  renuun. 

Zinc  oxide  is  a  ligblnhitepowder,  nuedHsapaintiiutsadof  lehile  lutul;  the  basic  salt, 
oonreipoDding  with  laagnesia  olbo.  is  Dsed  fur  the  same  purpo)«  (Vol.  I.  p.  bUi). 

^  For  the  solution  ol  one  port  of  the  uxide  Gfi4U0  parts  of  wnter  are  rei[niml.  Never- 
theless, even  in  inch  a  weak  solution,  zino  oxide  (hyilroiide,  ZiiU^O,)  cluuifies  the  colour 
«t  red  litmn*  paper.  Zint  oxide  is  oLtained  in  the  wet  way  by  adding  ui  olkitU  hydrox- 
ide to  a  solution  of  a  zincaalt— for  iDstonte:  ZnS0,43HK0^K,S0,  +  ZiiK,0,.  The 
l^aliliou*  precipitate  of  zinc  hydroxide  is  loltibU  in  an  excess  of  alkali,  whiL'ii  cleaity 
distingnisbes  it  from  magnoaio.  This  solability  of  dno  hydroxide  in  alkalis  is  due  tolha 
powBT  of  Bnc  oxide  to  form  a  compoiind,  altbongh  on  nnetable  one,  with  alkalis — that  ia 
la  cay,  pointa  to  the  fact  thatiinc  oxide  already  partly  belongs  to  the  inteniwdiatfi  oiidcs. 
The  oxide*  of  the  nietaJs  abon.mentioned  do  notshow  this  property,  The  property  whiish 
matalliciino  itself  has  of  dissolving  in  caostic  alkali  with  the  diserigngenienl  ot  hydrogen 
lUw  salntion  Ik  facilitated  by  contact  with  platinum  or  iron)  depeuila  <m  the  tociiution  of 
rachacomponudof  the  oxides  of  nine  and  the  al  kali  metals.  The  ulution  d(  xinc  hydrox- 
ide, ZdHiOi.  in  potanb  (in  a  strong  aolntion|,  proceeds  when  thone  hydrales  ore  taken  in 
jifQparliDn  to  ZdH^O,  +  KHO.  II  snchii  solation  he  erapamted  to  drynesa,  water  estnwts 
only  caDtlio  poUsh  from  the  fused  residue.  WheH  a  solution  ol  mnc  hydroxide  in 
atiang  alkali  is  mixed  with  n  large  masi  of  watoc,  nearly  nil  the  oiiile  of  eIdc  is  precipi- 
laled;  and,  therefore,  in  weak  eolations,  n  large  quantity  of  the  alkali  is  rei|niredta  eSeat 
(OlntiiMi.  which  points  to  the  decomposition  of  the  zini^-olksli  compounds  by  water,  II 
strong  alcohi^l  be  added  Lo  a  solution  of  xinc  o:iide  in  sodium  hydroxide,  the  crystallo- 
hydrate.  aZn.OH)(OSa),7H,jO,  separates. 

•  Zinr  chliTTtilf,  ZuCI,j,  isgeneisllynaedin  the  arts  in  the  form  ol  a  sotntiiin  nhtainiKl 
by  ditaolving  linc  in  hydrochloric  acid.  This  solotion  is  used  for  soldering  nieliLls.  The 
rauon  why  it  i*  thus  employed  is  understood  from  its  properties.  When  ovnporated 
Ihe  otmbimlinn  with  the  water  of  crystoUisstion  Bret  separates,  whidi,  hnwevcr.  on 
bring  (nrther  hested.  lose*  all  traces  of  water,  an  d  forma  on  oily  niasn  ol  anbydmna  salt 
which  mlidifles  on  cooliafr.  This  substance  melts  at  350°,  and  conuuoncea  tn  vnUtiliae 
■1  obont  400°.  The  soldering  of  metnls— that  is.  the  introduction  uf  an  eaaily-fusible 
mrtal  betweui  two  conbiguooa  metallic  objecta— is  hindered  by  any  lilm  uf  otide  upim 
Umn ;  and,  as  heated  metals  easily  otidiie,  they  ore  therefore  diflkult  lo  solder.  Zinc 
chloride  is  used  to  prevent  the  oxidation.  It  fuses  on  being  heated,  and,  iiiveriiig  the 
BUrta]  with  an  oily  coating,  prevents  conUet  with,  the  ur;  but  even  if  any  oxide  luu  formed, 
lb*  (tee  hydrDchloric  acid  generally  eiiating  in  the  zinc  chloride  solution  dissolves  the 
OlUe  lonnad,  and  in  tliis  way  the  metallic  anrlacQ  of  the  melols  to  be  soldered  ii  preserved 
fll  for  liio  adhesion  of  the  liquid  solder,  whicb.  on  cooling,  binds  the  objwts  together, 
Uoeb  line  cbloride  is  used  also  for  steeping  wood  (telegnph-iwsts  and  shseperi  on  rail- 
says)  in  order  to  preserre  them  from  decaying  c|uickly  j  this  preservMive  action  is  in  oU 
probabilit}'  mainly  due  to  the  poisonous  chanolsiol  xinc  salti(comiaiva  sublimata  is  otiU 
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both  are  in  solution — is  so  great  that  it  exceeds  the  resemblance  which 
exists  between  magnesium  and  calcium  compounds. 

Zinc,  like  many  heavy  metals,  is  often  found  in  nature  in  combina- 
tion unth  »ulphur,  forming  the  so-called  zinc  blende,^  ZnS.  It  some- 
times exists  in  large  masses,  oft^n  crystallised  in  cubes  ;  it  is  frequently 
translucent,  and  has  a  metallic  lustre,  although  this  is  not  so  clearly 
developed  as  in  many  other  n^tallic  sulphides  with  which  we  shall  here* 


more  )x>i8onous,  and  a  still  better  agent  to  preserve  wood  from  decay),  becaDse  decay  is 
brought  about  by  the  action  of  lower  organisms. 

The  K{>eeific  gravity  of  solutions  {tee  my  '  Treatise,'  p.  60)  containing  p  per  cent,  of 
zinc  chloride,  ZnCIj : 

p  =     10  20  80  40  60 

15°  4^  -     1098  1184  1-298  1-411  1-564 

d8:dt  =        -8  -5  -7  -8  -9 

Tlie  last  line  shows  the  change  of  specific  gravity  for  1°  inten-thoasandth  parts  for  tern- 
X>eratureH  near  15^.  More  accurate  determinations  of  Cheltzoff,  personally  communicated 
by  him,  led  hira  to  conclude  that  solutions  of  zinc  chloride  follow  the  same  laws  as  the 
solutions  of  sulphuric  acid,  which  will  be  treated  in  Chapter  XX. :  (1)  from  H^O  to 
ZnCl,,,120K.O«  =  So  +  92-85p  +  01748p»;  (2)  from  thence  to  ZnCl2,40H.2O  »  =  So +  98*96/; 
-  0012(;;>*  ;  (8)  from  thence  to  ZnC1.2,25H.^O  «  =  11481-5  +  96-45  (^-15-89) +  0-4567 
(;>-15-89)^;  (4)  from  thence  to  ZnCl.jlOH^O  »  =  12212-1 +  10482  (;>  =  28-21) +  07992 
(;^- 28-21)-;  (6)  from  thence  to  jj  =  65  p.c.  «  =  146068 +  14096  (;>- 4805) +  1-4905 
{p  —  48*05)^,  where  8  is  the  specific  gravity  of  the  solution  at  16^,  containing  p  p.c.  of 
ZnCl.2  by  weight,  if  the  water  at  4°  =  10000,  and  where  S^,  =  9991-6  (specific  gravity  of  water 
at  15*^).  1'he  compound  of  zinc  chloride  with  hydrochloric  acid  has  been  mentioned  in 
Vol.  I.  i>age  46'3. 

Zinc  chloride  has  a  great  affinity  for  water ;  it  is  not  only  soluble  in  it,  but  in  alcohol, 
and  on  being  dissolved  in  water  becomes  considerably  heated,  like  magnesium  and  calcium 
chlorides.  Zinc  chloride  is  capable-of  taking  up  water,  not  only  in  a  free  state,  but  also  in 
chemical  combination  with  many  substances.  Thus,  for  instance,  it  is  used  in  organic 
researches,  for  removing  the  elements  of  water  from  many  of  the  organic  compounds. 

When  mixed  with  zinc  oxide  it  forms  with  remarkable  ease  a  very  hard  mass  of  zinc 
oxychloriile,  which  is  applied  in  the  arts ;  for  instance,  in  painting,  to  resist  the  action  of 
water,  or  for  cementing  such  objects  as  are  destined  to  remain  in  water.  Zinc  oxychlo- 
ride,  ZnCl2,8ZnO,2H.20(  =  Zn.20C1.2,2ZnH.20^)  is  also  formed  from  a  solution  of  zinc  chloride 
by  the  action  of  a  small  quantity  of  ammonia  on  it  after  heating  the  precipitate  obtained 
with  the  liquid  for  a  considerable  time;  the  admixture  of  ammonium  salts  with  a  mixture 
of  a  strong  solution  of  zinc  chloride  with  its  oxide  makes  a  similar  mass,  which  does  not 
solidify  so  rapidly,  and  is  therefore  more  useful  for  similar  purposes.  Moisture  and  cold 
do  not  change  the  hardened  mass  of  oxychloride,  and  it  also  resists  the  action  of  many 
acids,  and  a  heat  of  800'^,  which  makes  it  a  useful  cement  for  many  purposes.  A  solution  of 
magnesium  chloride  with  magnesium  oxide  forms  a  similar  oxychloride.  The  mass  solidifiea 
best  when  there  is  an  even  quantity  by  weight  of  zinc  in  the  chloride  and  oxide,  and,  there* 
fore,  when  it  has  the  composition  Zn.20Cl2.  In  preparing  such  a  cement,  naturally 
zinc  oxide  alone  may  be  taken,  and  the  requisite  quantity  of  hydrochloric  acid  added 
to  it. 

*  This  mineral  has  been  given  the  name  of  *  mock-ore,*  on  account  of  its  having  the 
appearance  (considerable  density,  4*06,  d'c.)  of  ordinary  metalhc  ores;  it  deceived  the 
first  miners,  l>ecause  it  did  not,  like  other  ores,  give  metal  when  simply  roasted  in  air  and 
fused  with  charcoal.  The  white  zinc  oxide,  formed  by  burning  the  vapours  of  zinc,  waa 
also  called  '  nihil  album,'  or  *■  white  nothing,'  on  account  of  its  lightness. 
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aftpr  liecome  ncjuainted.    The  ores  of  zinc  also  comprise  the  carbonate, 
caltiinii'f,  and  silicate,  silifeoiie  eahttnijte. 

Metallic  zinc  (spelter)  is  most  freciuuntly  Dbtained  from  the  ores 
containing  the  carbonate* — that  is,  from  oalaTOine,  which  is  sometimes 
found  in  thick  ceins  :  for  instance,  in  Poland,  Galioia,  in  some  places  on 
the  banks  of  the  Rhine,  and  in  considerable  masses  in  Belgium  and 
England.  In  Russia  beds  of  zinc  ore  are  met  \t-ith  in  Poland  and 
the  Caucasus  ;  but  the  output  is  small,  In  Sweden,  as  early  as  the 
tifteenth  century,  the  Belgian  calarain*  was  worked  up  into  an  alloy  of 
zinc  and  copper  (brass),  and  Paracelsus  produced  zinc  from  calamine ; 
bat  the  technical  production  of  the  metal  itself,  long  ago  practised  in 

when  the  Abb^ 


.  Belgiut 


i,  only  commenced  in  Europe 
Donnet  discovered  that  zinc  was  volatile. 
From  that  time  the  production  increased 
until   it  is   now  aljout   140  million    kilo- 
grams in  Germany  alone. 

The  reduction  of  metallic  zinc  from  its 
ores  is  based  on  the  fact  that  sine  oxide' 
is  easily  reduced  by  charcoal  at  a  red  heat : 
ZnO+C  =  Zn+CO.  The  zinc  thus  ob- 
tained is  in  a  finely-divided  state  and 
impure,  l>eing  mixed  with  other  metals 
reduced  with  it.  The  refining  depj-nds  on 
the  zinc  being  eonverttd  into  vajmur  at  a 
white  heat,  from  which  it  ea,sily  passes 
into  a  liquid  or  solid  state.  The  dietilla-  |^ .tTrndd^'ilUi.  ""  "'"™'' 
tion  is  carried  on  in  earthenware  retorts, 

filled  with  a  mixture  of  the  divided  ore  and  charcoal  The  xapours  of 
zinc  and  gases  formed  during  the  reaction  est-ape  bj  means  of  a  pipe 
leading  downwards,  and  are  led  to   a   space   where  the  lapours  are 

'  Let  n«  Riention  here  that  bj  the  word  ore  is  mpuil  ■  hurf  lieriTy  nobatsjice  dug 
ont  nt  the  earth,  whioh  is  uaed  in  metallargicml  worliB  (or  o1>tvning  tlic  dshbI  heuvv 
nuialfl  lotig  knnwtj  and  aaod.  The  natural  n>mpoanda  of  Bodium  or  magnevmm  are 
not  Cklleil  om.  became  nia|{ne«ium  and  sodinm  hare  not  been  long  ago  obtained  in 
works.  The  heavy  metal*,  thote  which  are  eanl'T  rniaced  and  do  not  enailj  oiidiae.  are 
eteloBiteljr  thoie  which  are  directly  applied  and  obtained  in  wnrki.  Ores  either  contain 
the  metal*  thevwlTea  (tnr  inaUnce.  ore>  of  silreT  at  biamnth),  and  the  nielalB  are  then  in 
•  native  atate,  or  else  their  aulphnr  componniia  (blende,  lunck^^^e,  pyrites — aa.  Inr  instance, 
ptiena,  Pb8 ;  »int  blende.  ZnS ;  copper  pjritea,  CoPeS)  or  oxidea  las  the  ores  of  iron),  or 
wlta  lealamitis.  (or  instance).  Zinc  is  incompaj'ably  rarer  than  ma>^eaiDm.  and  is  only 
wall  knD¥m  hecanas  it  is  tnuisfonued  fTom  its  ores  into  >  metal  which  Snda  direct  uca  in 
many  branches  ol  intliiatry. 

'  Oroa.  wheu  eitraclpd  from  the  earth  by  the  miners,  are  often  enriched  by  sorting, 
WMhing.  and  other  mechanical  oper«lioiI9,  Tlie  sulphurons  ores  (and  likewiae  otbcrs) 
an  then  generally  routed.    Boanting  an  ore  means  heating  it  to  a  red  heat  in  air,    Tlt» 
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cooled.  By  this  means  they  do  not  come  into  contact  with  the  air, 
because  the  neck  of  the  retort  is  filled  with  gaseous  carbonic  oxide, 
and  therefore  the  zinc  does  not  oxidise,  otherwise  its  vapour  would 
bum  in  the  air.  The  vapours  of  zinc,  entering  into  the  cooling  chamber, 
condense  into  white  zinc  powder  or  zinc  dust.  When  the  neck  of  the 
retort  is  heated,  the  zinc  is  obtained  in  a  liquid  state,  and  is  cast  into 
plates,  in  which  form  it  most  often  enters  the  market. 

Commercial  zinc  is  generally  impure,  containing  a  mixture  of  lead, 
particles  of  carbon,  iron,  and  other  metals,  carried  over  with  the 
vapours,  although  they  are  not  volatile  at  a  temperature  approaching 
1000°.  If  it  is  required  to  obtain  pure  zinc  from  the  commercial 
article  it  is  subjected  to  a  further  distillation  in  a  crucible  with  a  pipe 
passing  through  the  bottom,  the  vapours  formed  by  the  lieated  zinc 
only  having  exit  through  the  pipe  cemented  into  the  bottom  of  the 
crucible.  Passing  through  this  pipe,  the  vapours  condense  to  a  liquid, 
which  is  collected  in  a  receiver.  Zinc  thus  purified  is  generally  re- 
melted  and  cast  into  rods,  and  in  this  form  is  often  used  for  physical 
and  chemical  researches  where  a  pure  article  is  required.® 

Metallic  zinc  has  a  bluish -white  colour  ;  its  lustre,  compared  with 
many  other  metals,  is  insignificant.  When  cast  it  exhibits  a  tabular 
structure.  Its  specified  gravity  is  about  7 — that  is,  varies  from  6*8 
to  7*2,  according  to  the  degree  of  compression  (for  instance,  forging, 
rolling,  tkc.)  to  which  it  has  been  subjected.  It  is  very  ductile, 
considering  its  hardness.  For  this  reason  it  chokes  up  files  when 
being  worked.  Its  malleability  is  considerable  when  pure,  but  in  the 
ordinary  impure  condition  in  which  it  is  sold,  at  the  ordinary  tempera- 
ture it  is  impossible  to  roll  it,  as  it  breaks  easily.  At  a  temperature 
of  100°,  however,  it  easily  undergoes  such  operations,  and  can  then 
\ye  drawn  into  wire  or  sheets.  If  heated  further  it  again  becomes 
brittle,  and  at  200°  may  be  even  crushed  into  powder,  so  completely 

Halphnr  then  bums,  and  passes  off  in  the  form  of  snlphurons  anhydride,  SO3,  and  the 
metal  oxidises.  The  roasting  is  carried  on  in  order  to  obtain  an  oxide  instead  of  a  sulphnr- 
ous  compound  ;  the  oxide  Iwing  reducible  by  charcoal. 

These  methods,  introduced  ages  ago,  are  met  with  in  nearly  all  metallurgical  workg 
for  nearly  all  ores.  For  this  reason  the  preparatory  treatment  of  zinc  blende  fumiahes 
zinc  oxide ;  this  is  already  contained  in  calamine. 

*^  This  zinc,  although  homogeneous,  still  contains  certain  impurities,  to  remove  which 
it  is  necessary  to  obtain  some  pure  zinc  salt  and  transform  it  into  carbonate,  which  latter 
is  then  distilled  with  charcoal,  and,  as  thin  sheets  of  zinc  can  only  be  obtained  from  very 
l)ure  metal,  they  are  frequently  made  use  of  in  cases  where  pure  zinc  is  required.  In 
order  to  remove  the  arsenic  from  zinc,  it  was  proposed  to  melt  it  and  mix  it  with  an- 
hydrous magnesium  chloride,  by  which  means  vai>ours  of  zinc  chloride  and  arsenic 
chloride  are  formed.  Completely  pure  zinc  is  made  (V.  Meyer  and  others)  by  decompos- 
ing, by  means  of  the  galvanic  current,  a  solution  of  ziuc  sulphate  to  which  an  excetts  of 
ammonia  has  been  added. 


ZINC,   CADMIUM,   AJSD  MERCUEY 


does  it  luse  its  moleculnr  cohesion,  tt  melts  n.t  433°,  and  distils  at 
930^ 

Zini-  does  not  undergo  anj  change  in  the  atmosphere.  Even  in 
very  ilamp  oir  it  only  becomes  slowly  coated  with  n  very  thin  white 
coating  of  oxide.  For  this  reason  it  is  available  for  all  objects  w)iich 
are  only  in  contact,  with  air.  Therefore  sheet  zinc  uuy  be  used  fur 
routing  and  many  other  purposes.''  This  great  uu changeability  of  zino 
in  the  air  shows  its  slight  energy  with  regard  to  oxygen  compared 
with  the  metals  already  mentiuued,  which  are  capahle  of  reducing  zinc 
from  solutions.  But  zinc  plays  this  part  with  regard  to  the  remaining 
metals— for  example,  with  reference  to  lead,  copper,  mercury,  4c, 
Although  zinc  is  an  almost  unoxid  isable  metal  at  the  ordinary 
t«mjierature,  it  bums  in  the  air  on  being  heated,  pttrticularly  when 
in  the  form  of  shavings  or  in  the  condition  of  vapour.  At  the 
ordinary  temperature  zinc  does  not  decompose  water — at  any  rate, 
not  if  it  is  in  a  dense  mass.  But  even  at  a  temperature  of  100°  zino 
begins  little  by  little  to  decompose  water  ;  it  easily  displaces  the 
hydrogen  of  acids  at  the  ordinary  temperature,  and  of  alkalis  on 
being  heated. 

In  this  respect,  however,  the  action  of  zinc  varies  a  great  deal  with 
the  degree  of  its  purity.  Weak  sulphuric  acid  (corresponding  with  tlie 
composition  H,80,,8H50)  at  the  ordinary  temperature  does  not  act  at 
all  on  chemically  pure  zinc,  and  even  a  stronger  solution  acts  very 
slowly.  If  the  temperature  be  raised,  and  particularly  if  the  zinc  be  pre- 
viously slightly  heated,  so  as  to  cover  its  surface  with  a  lilm  of  oxide, 
chemically  pure  zinc  tiien  acts  on  sulphuric  acid.  Thus,  for  exiimple, 
nne  cubic  centimetra  of  xmc  in  sulphuric  acid,  having  a  composition 
H^O,,GH,0,  at  the  ordinary  temperature  in  two  hours  only  dissolves 
to  the  extent  of  O-UIS  gram,  and  at  a  temperature  of  100°  about 
3J  grams.  If  we  compare  this  slow  action  with  that  rapid  evolution 
of  hydrogen  which  occurs  in  the  case  of  commercial  zinc,  we  see  that 
the  iniluence  of  those  impurities  in  the  zinc  is  very  great.  Every 
particle  of  charcoal  or  iron  introduced  into  the  mass  of  the  zinc,  and 
likewise  the  connection  of  the  zinc  with  a  piece  of  another  electro- 
negative metal,  assists  such  a  dissolution,  as  all  readers  of  books  on 
physics  are  well  aware.  The  slowness  of  the  action  of  sulphuric  acid 
on  pur«  xinc  (and  likewise  on  anial^inated  zinc)  is  also  explained 
by  the  fact  that  a  layer  of  hydrogen  is  then  on  the  surface  of  the 

*  Cornice*  uiil  other  nrvbiteetnrftl  omun^ntB,  tenmrkable  tor  their  tigbtncu  and 
bcaBlX'  *'>'  (tiunpKd  UDl  of  sheet  uno.  Ziiic-TOdSng  itoi^a  oot  require  pointing,  bat  It 
mult*  ilurin)!  a  coiiflB)ir»lif'0  uid  even  liurns  at  a  elrotig  hent.  Many  iron  reeeeUi  i£c., 
aiiannl  with  tine  ('galvauiud'j  iu  order  to  prevent  th>;iii  [tom  raating. 
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metal,  which  prevents  contact  between  the  acid  and  the  metal.  The 
adrlition  of  cupric  sulphate,  or  particularly  a  few  drops  of  platinic 
chloride  (the  metals  are  reduced)  to  the  sulphuric  add,  greatly 
accelerates  the  evolution  of  the  hydrogen,  because  in  this  case,  as  with 
commercial  zinc,  galvanic  couples  are  locally  formed  by  the  copper  or 
platinum  and  the  zinc,  under  the  influence  of  which  the  zinc  rapidly 
dissolves  J® 

'^  The  action  of  acids  on  metallic  zinc  of  various  degrees  of  parity  has  been  the  sob- 
ject  of  many  investigations  particolarly  important  with  reference  to  the  application  of 
zinc  in  galvanic  batteries,  whilst  some  investigations  have  direct  significance  for  chemical 
mechanics,  although  from  many  points  the  matter  is  not  clear.  I  conuder  it  useful  to 
stop  and  point  out  those  observations  which  I  find  the  most  complete. 

Calvert  and  Johnson  made  the  following  series  of  observations  on  the  action  of  sul- 
phuric acid  of  various  degrees  of  concentration  on  2  grams  of  pure  zinc  during  two  hours. 
In  the  cold  the  concentrated  acid,  H9SO4,  does  not  act,  H4S04,SH^  dissolves  about 
0*002  gram,  but  principally  forms  hydrogen  sulphide,  which  is  obtained  also  when  the 
dilution  reaches  H2S04,7H<{0,  when  0*0S5  gram  of  zinc  is  dissolved.  When  largely 
diluted  with  water,  pure  hydrogen  begins  to  be  disengaged.  At  180°  mono-  and  di- 
hydrated  sulphuric  acid  give  sulphurous  anhydride,  and  in  two  hours  dissolve  0*075  and 
014*2  gram  of  zinc.  H.^S04,2H.20  at  130^  gives  a  mixture  of  hydrogen  sulphide  and  sul- 
phurous anhydride  dissolving  0'li>6  gram  of  zinc. 

Bouchardat  showed  that  if  in  a  vessel  made  of  glass  or  sulphur  dilute  sulphuric  acid 
acting  on  a  piece  of  zinc  liberates  one  part  of  hydrc^n,  then  the  same  acid  with  the  same 
piece  of  zinc  in  the  same  time  will  liberate  4  parts  of  hydrogen  if  the  vessel  be  made  of 
tin — tliat  is,  zinc  forms  a  galvanic  couple  with  tin ;  in  a  leaden  vessel  9  parts  of  hydrogen 
are  developed,  with  a  vessel  of  antimony  or  bismuth  18  parts,  silver  or  platinum  88  parts, 
cop])er  50  parts,  iron  48  parts.  If  a  salt  of  platinum  is  added  to  the  dilute  sulphuric 
acid  ^1  {)art  of  acid  and  12  parts  of  water),  Millon  determined  that  the  rapidity  of  the 
action  on  the  zinc  is  increased  140  times,  and  by  the  addition  of  copper  sulphate  is  ren- 
dered 45  times  greater  than  the  action  of  pure  sulphuric  acid.  The  salts  which  are 
added  are  reduced  to  metals  by  the  zinc,  their  contact  serving  to  promote  the  reaction 
because  they  form  local  galvanic  currents. 

According  to  the  observations  of  Cailletet,  if,  at  the  ordinary  pressure,  sulphuric  acid 
with  zinc  liberates  100  parts  of  hydrogen,  then  with  a  pressure  of  60  atmospheres  47 
parts  will  be  liberated  and  1  part  at  a  pressure  of  120  atmospheres.  With  a  reduced 
preHsare  under  the  receiver  of  an  air-pump  168  parts  are  liberated. 

Helmholtz  showed  that  a  reduced  pressure  also  exercises  its  influence  on  galvanic 
elements. 

Debray,  Lowel,  Snyders,  and  others  showed  that  zinc  liberates  hydrogen  and  forma 
basic  salts  and  zinc  oxide  with  solutions  of  many  salts — for  instance,  MCln,  aluminium 
sulphate,  and  alum.  Sodium  and  potassium  carbonates  scarcely  act,  because  they  form 
a  carbonate.  The  salts  of  ammonia  act  more  strongly  than  the  salts  of  potassium  and 
sodium  ;  the  zinc  remains  bright.  It  is  evident  that  this  action  is  founded  on  the  forma- 
tion of  double  salts  and  basic  salts. 

The  difference  with  concentration  in  the  rate  of  the  action  of  sulphuric  acid  on  zino 
(containing  impurities)  under  otherwise  uniform  conditions  is  in  evident  connection  with 
the  electrical  conductivity  of  the  solution  and  its  viscosity,  although,  when  largely 
diluted,  the  action  is  almost  proportional  to  the  amount  of  acid  in  a  known  volume  of 
the  solution. 

Forging,  casting  the  molten  metal,  and  similar  mechanical  influences  change  the 
density  and  hardness  of  zinc,  and  also  strongly  influence  its  power  of  liberating  hydrogen 
from  acids  (Muhier,  Behemann). 

Kayander  showed  (1881)  that  when  magnesium  is  submitted  to  the  action  of  acida : 


The  action  of  Kinc  on  acids,  and  the  consequent  formation  of  zinc 
Silts,  iuterferes  with  its  appliciition  in  many  cases,  pui-ttL-uUrly  for  the 
preservation  of  liijuids  either  containing,  or  capable  of  developing, 
acid.  For  this  reasiin  dnc  vessels  ought  not  to  he  used  for  the  pi-epa- 
ratioD  or  preservation  of  food,  as  this  often  contains  acids  which  form 
poisonous  salts  with  the  zinc.  Even  ordinary  water,  containing 
carbonic  acid,  slowly  but  surely  acbt  on  zinc. 

Finally- divided  zinc,  or  liitc  dusl,  obtained  in  the  distillation  of 
the  Dietal  when  the  receiver  is  not  heated  up  to  the  melting  point,  on 
account  of  its  presenting  a.  large  surface  of  contact  and  containing 
foreign  matter  (particularly  zinc  oxide),  has  in  the  highest  degree  the 
property  of  decomposing  acids  and  even  water,  which  it  easily  de- 


fa)  th«  ution  dependa,  not  nn  tLe  nittnre  ot  the  Kcid  but  on  it>  basicity,  lb]  the  jnoraiue 
of  lb«  ■ctioo  19  mote  tapiil  than  the  growth  ot  thv  cronuenlration,  HJid  (c)  there  it  ■  de- 
crease of  lUtioD  vith  the  incrsase  □(  the  cocfflcient  ol  interaul  frictian  and  ele<:tric>l 
cundnclivitf. 

Spring  uid  Aobel  (ISBT)  meunred  the  volume  of  hydrogen  disengaged  by  an  alloy 
ot  liDO  and  a  amaJI  quantity  of  lead  lU'U  p.r.],  beeaaie  the  aotioii  of  noide  is  then  uni- 
tonn.  In  order  lo  deal  with  ■  known  uurface,  it[ihereB  were  taken  (UD  millimetrea 
diameter)  and  cylindere  (IT  mm.  dia.),  the  aidei  ol  vliich  were  covered  with  oai  in  order 
l»  limit  the  aetiou  to  the  end  Hortacea.  Daring  the  coranionceinont  of  the  action  of  ■ 
definite  qoantity  of  ould  the  rapidity  iucreaaea.  atlBiui  a  maiiiunin,  and  then  dudiuea  as 
tile  acid  LecortiiHj  mdiauated.  We  annex  the  redulta  tor  5, 10,  and  15  per  cent-  of  hydro- 
rhloric  acid.  B  denotea  the  Dumber  of  uubio  centimetre*  ol  hydrogen,  D  the  time  in 
aanmilB  alaiiaing  after  the  line  apherea  have  beet)  plunged  into  the  acid.  At  1S°  they 
obtained : 
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In  coHMqnence  of  the  complex  character  ol  t>ie  plienamenon,  Ihe  anthora  Ihemseltei 
4n  not  recomiiie  their  determinationa  aa  being  abaolnte,  and  only  give  them  a  relatirt 
•ignification.  and  in  thia  aenae  it  ia  remarkable  that  hydrobromic  acid  under  similar  con- 
ditjima(irilb  an  equivalent  alrengthl  givea  a  greater  (from  i  to  G  timea)  rapidity  of  action 
than  hydroeliloric  acid,  bat  Ealpharic  acid  a  far  less  (nearly  SG  timet)  velocity.  It  is  alaf 
nnarkalile  that  during  the  reaction  the  melal  becomea  much  more  heated  than  the  acid 
t«t  na  nhaervB  that  linc  dust  and  rinc  itself,  »lien  heated  with  hydrated  lime  and 
•imiUr  hydrates,  diaengagea  hj-drogen ;  tbia  method  has  even  been  propoaed  lor  obtain. 
L  ing  hydrogen  lor  Hlling  trar  ballooai. 
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ciiraposes,  p.articularly  if  sliglitly  heated.  On  this  account  zinc  dust  is 
often  ueed  iu  laboratories  and  fiLCtories  aa  a  reducing  agent.  A  sitailar 
influence  of  the  tinely-divideil  state  ia  also  noticed  in  other  metals — 
for  instance,  copper  and  silver — which  again  shows  the  close  con- 
nection between  chemical  and  physico-mechanic.iI  phenomena.  We 
must  first  of  all  turn  to  this  i^lose  connection  for  an  explanation 
of  the  widely-spread  applicution  of  zinc  in  gnlvnnic  batteries,  where 
the  chemical  (hidden,  potential)  energy  of  the  acting  substances  ia  trans- 
formed into  (evident,  kinetic)  galvanic  energy,  and  through  thi«  latter 
into  heat,  light,  or  mechanical  work.'"' 

Hermann  and  Stromeyer,  in  1819,  showed  that  cadmium  is  almost 
always  found  with  zinc,  and  in  many  respects  resembles  it.  When 
distilled^  the  cadmium  volatilises  sooner,  liecause  it  has  a  lower  boiling 
point.  Sometime^  the  zinc  dust  obtained  by  the  tirst  distillntion  of 
zinc  contaids  as  much  as  5  per  cent,  of  ciulmium.  When  zinc  blende, 
containing  cadmium,  is  roasted,  the  zinc  passes  into  the  state  of 
oxide,  and  the  cadmium  sulphide  in  the  ore  oxidises  into  cadmium 
sulphatB,  CdSO^,  which  fairly  well  resists  the  actinu  of  hent  ;  there- 
fore, if  i-oaated  zinc  blende  be  washed  with  water,  a  solution  of 
cadmium   sulphate  will  be  obtained,  from  which  it  is  very  easy  to 

'**  The  reUlion  between  chemical  iirtitm  and  g»li  aniam  ia  bo  importanl,  and  has 
already  Ijei-n  eo  mucli  Mnditid,  mid  ban  of  Idte  years  g^vea  so  many  uevr  resnlti,  that 
tbia  aectian  of  our  acieni-e  anglit  now  to  take  n  promiaent  part  in  theoreticul  (phyaic«l| 
chemistr;.  In  our  comparatively  ahoct  and  elementary  conne,  it  is  not  poiaible  to  toDcb 
on  this  qaestion,  all  (he  more  iiii  becaOBe  even  at  present  it  contains  many  blank  ajiacM 
with  referencB  to  the  comprehenNion  o(  primary  pHenomena;  for  inatance,  the  polori**- 
lion  ol  the  cnrceuC  and  the  '  traiiBFerence  oF  the  ioiia,'  evident  Trom  the  diaengagemeal 
of  hydrogen  on  the  eopperwhen  a  piece  nf  zinc  is  plunged  into  Bolpbarlc  acid,  in  vlijch 
copper  ia  in  metnlHe  contact  with  the  zinc.  However,  in  latter  times,  thanks  to  the  cl- 
pericDced  investigation  a  of  Hitlurf,  Solilraascli,  and  otiiers,  and  the  theorelicol  conaidera- 
ItonB  nf  Clanaiaa,  Thomson,  «ad  otliera,  the  mist  wbii'h  enveloped  tins  region  begina  bi 
lighten;  xbill  Faradny  already  clearly  sair  tlint  the  galvanic  current  is  nothing  mors 
than  a  chemical  movement  nnder  a  changed  aspect.  1  only  conaider  it  possible  to  Bay  » 
few  worits  about  this  suhjoct. 

From  the  eipecimenta  nf  Favre.  Thomson,  Berthelot.  CheltzolT,  and  olbers  on  the 
qnantity  of  heat  developed  in  a  closed  circait,  une  oaght  to  conclnde  that  the  electro- 
motive force,  or  Its  faculty  et  lining  a  certain  work  E,  in  proportional  k)  th«  whala 
qnantity  of  heat  Q  produced  by  the  reaction  serving  as  the  sonrce  of  the  current.  If  B 
be  eipresaeil  in  volts  and  Q  in  thonsands  ot  boat  nnils  referred  to  moleonlar  weight*, 
then  E  ■  0-0*86  Q.  For  instance,  in  a  Daniell's  element  E-lOObothby  eiperfmantand 
by  calculation,  becanso  it  mnst  be  granted  tliat  here  takes  place  the  decumposition  of 
CnSO,  tntoCDO«B0:,Aq,  and  the  decomiiosition  of  CnO  into  Cn^-O,  together  with  the 
formatinuof  Zn  +  Oand  ZnO  +  SO^q,  for  nhlch  reactions  QoEO'lS  IhonsandheBtnnita. 
Jnat  the  same  in  other  primary  balterien  (for  instance,  aa  ahown  by  BnnBon,  Poggendorf, 
and  others)  and  secondary  batteries  (for  instance,  those  acting  according  to  the  reaction 
Fb  +  H98O,  4-P1>0,.  an  Cbellxoff  ehoned)  elements  E>0'01lta  Q.  The  qnestion  becomea 
implicated  as  the  tempenttute  riaea,  probably  from  tlie  incomplewneas  of  thermo- 
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prepare  metnllic  cadmium.  Hydrugeu  sulphide  xa^y  be  useil  for 
Bepaniting  cadmium  from  its  solutions  ;  it  gives  a  yellow  pracijiitate  of 
ealinium  nilpkidf.,  CdS  (according  to  tlie  I'quatioii  CdSO^-f-HgS^ 
HiSO,-|-CdS},  which,  on  account  of  its  characteristic  colour,  is  uaed 
El  pigment.  Cadmium  sulphide,  when  strongly  heated  in  air,  leaves 
cadmium  oxide,  from  which  the  metal  may  he  obtained  ip  precisely  the 
same  way  as  in  the  case  of  zinc.  It  should  be  remarked  j»t  the  same 
time  that  zinc  sulphate  (especially  in  the  presence  of  acids)  does  not 
ve  a  precipitate  of  zinc  sulphide  with  sulphuretted  hydrogen,  or,  at 
1  events,  is  only  precipitated  in  very  small  q.uantity. 
Cadmium  is  a  white  metal,  and  when  freshly  cut  is  almost  as  white 
and  lustrous  as  tin.  It  is  so  soft  thai  it  may  be  easily  cut  with  a  knife, 
and  so  malleable  that  it  can  be  easily  drawn  into  wii-e,  sheets,  ikc.  Ita 
specitic  gravity  k  8'6r,  melting  point  320',  boiling  point  770  ;  its 
•ours  bum,  forming  a  brown  powder  of  the  o\ide."  Next  to 
mercury  it  is  the  most  volatile  metal  ;  hence  Deville  determined  the 
density  of  its  vapours  compared  with  hydrogen,  and  found  it  to  be 
equal  to  571,  therefore  the  molecule  coiitains  one  atom  whose 
weight  =  112.  V,  Meyer  found  the  like  for  zinc;  the  molecnle  of 
mercory  also  contains  one  atom  (Vol.  I.  p.  313). 

Jfi^miry  resembles  zinc  and  cadmium  in  many  respects,  but  presents 
that  distinction  from  them  which  is  always  noticed  in  all  the  heaviest 
tnetab  (with  regard  to  at<)mic  weight  and  density)  compared  with  the 
lighter  ones — namely,  that  it  oxidises  with  more  ditficulty,  and  its 

'  Amongit  the  nrnpouDdii  of  csdniiam  rery  clt^ely  allied  to  the  compoanilfi  of  xfnc, 
niul  mention  fnilmium  loilidr,  Cdl,.  which  i»  nsed  in  medicine  uid  photography. 
^hi»  taUt  cryitathau  rerj  well ;  it  la  prepared  hj  tlie  direct  Action  of  iodine,  mtxed  vith 
*ater,  on  metallic  oadminnj.  One  part  of  cadmiDm  iodide  at  24P  requires  for  itu  soltttion 
Ifie  parts  of  water.  It  maybe  remarked  that  padmiomrhloride  M  the  smne lempernEars 
■cquim  0*71  parta  of  wnter  to  diHolve  it,  no  that  the  iodine  coniponnd  of  this  metal  is 
~  aoluble  than  the  diloHde.  whilst  Uie  reierae  relation  holds  in  the  case  ot  the  corre- 
^■ondixig  tfoonpcinndfl  of  the  alkali  or  alkaline  earthy  metale.  Cadmium  inlpliate  erystal- 
"iM  well  and  haa  the  composition  3Ca804,8IltO,  Ibtu  diflering  from  linc  Eolphale. 

Codmiiim  oiide  ia  lolnhle.  althoagh  Bparingly.  in  alkalis,  hot  in  the  presence  ot 
trtoric  and  certain  other  acids  the  slkaliDe  solntion  of  csdmiom  oiide  does  not  change 
vhoD  boiled,  whilst  a  dtluleU  Eolntion  in  that  csie  deposits  cadmitiDi  oxide;  this  may 
I  serve  for  separating  zino  cmnpoands  from  those  of  cadmium.  Cadmium  in  precipi- 
•3  from  it*  salt*  by  sine,  which  tact  may  also  be  taken  adnntagH  of  for  separating 
mjnin ;  tor  this  resson  in  on  alloy  of  zinc  and  cadmium,  acida  Srsl  of  all  extract  tlis 
.  Codmitun  is  in  all  retpecta  lees  energetic  than  sine.  Thas.  for  ioBtanoe,  it  decom- 
la  water  with  diBJcnlty,  and  this  only  when  strongly  heated.  It  eien  arts  but  slowly 
snida,  hot  then  displaces  hydiogen  from  them .  It  i*  neceHwrj  here  to  turn  attmitinn 
t>  the  Iset  that  lor  alkaU  and  alkaline  earthy  metali  (of  the  ersn  seriesj  the  highest 
Womtr.-  weight  determinen  the  greatest  energy;  but  cadmium  (of  the  Dneteii  series), 
'  ~*t  haTiog  ■  larger  atomic  weight  th«ii  zinc,  is  less  energetic.  The  salts  ot  cndmium 
»lonrleH,IikelhcseotnRc.  DeSchBllenobtninedacrystaUineoxyobtoride,Cdl,OHJCI, 
I  Vj  h«atiiiK  mwble  with  a  sotation  of  oodminm  ehlocido  in  a  sealed  tuba  at  300°, 
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conipoands  ure  more  eaaity  deoompnaed."  Besides  compounds  of  the 
usual  type  RX^,  it  alao  gives  those  of  the  lower  type,  RX,  which  are 
nnkuowii  for  zinc  and  cadmium."  Mnrcury  therefore  gives  salts  of 
the  composition  HgX  (niercuroua  salts)  and  HgXj  (mercuric  salt*),  the 
oxides  having  the  formula'  HgjO  and  HgO  respectively. 

Mercury  is  found  in  nndtiv  almost  exclusively  in  conibinatiim  with 
sulphur  (like  zinc  and  cadmium,  but  is  still  rarer  than  tliem)  in  the 
form  known  as  cinnabar,  HgS.  It  is  far  more  rarely  met  with  in 
the  native  or  metallic  condition,  and  this  in  bII  probability  has  been 
derived  from  cinnabur.  Mercury  ore  ia  found  only  in  a  few  places^ 
namely,  in  Spain  (in  Almaden),  in  Idria,  Japan,  Peru,  and  California. 
About  the  year  1880  MinenkoiT  discovered  a  rich  bed  of  cinnabar  in  the 
Babmout  district  (uear  the  station  of  Nikitovka),  in  the  government 
of  Ekaterinoslav,  so  that  now  Russia  even  exports  mercury  into  other 
countries.  Mercury  ores  are  easily  reduced  to  metallic  mercuiy, 
because  the  combination  between  the  metal  and  the  sulphur  is  one  of 
but  little  stability.  Oxygen,  iron,  Hme,  and  many  other  substances. 
when  heated,  easily  destroy  the  combination.  If  iron  is  heated  with 
cinnabar,  iron  sulphide  is  formed  ;  if  cinnabar  is  heated  with  lime, 
mercury  and  calcium  sulphide  and  sulphate  are  formed,  4Hga 
+  4CaO=iHg  +  ;iCaS+CaSO,.  On  being  heated  in  the  air,  or  roaatot, 
the  sulphur  burns,  oxidises,  forming  sulphurous  anhydride,  and 
vapours  oE  metaUio  mercury  are  formed.  Marcury  is  more  easily 
distilled  than  all  other  metals ;  its  boiling  point  is  about  360°,  and 
therefore  its  separation  from  natural  admixtures,  decomposed  by  one  of 


"  According  111  its 
Cftdmioni  followH  biItb 


orj)  (oUoivagold  in  Ihe  periodic  ajBtein,  j 
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will  now  establiab  a  pAraUel  between  thete  three  groDpa. 

iJ  and  alao  cheiaicLL!  properttea  it  here  «trikitigty  aimilar. 

are  verydifficnlt  to  fose  (far  more  h>  than  iron,  mtheninin, 
Ihem).    Copper,  nilier  and  gold  melt  far  nuire  saatly  in 


nickel,  and  also  of 


a  Htnmg  heat  than  the  three  preceding  metalB,  and  mnc,  cadmiam,  and  mercnr;  melt  atUI 
more  eMily.  Nickel,  piOladium,  and  pUtinora  are  very  slightly  volatile;  copper,  Blvar, 
■nd  gold  are  more  volatile :  and  linc,  cadminm,  and  mercnrj  represent  some  of  th*  most 
volatile  metaU.  Zinc  oxidiKen  more  easily  than  copper,  and  is  reduced  with  mora  diS- 
culty,  and  the  some  is  tnie  tor  mercury  as  compared  with  gold.  Thces  roIatioOB  for  cad- 
minm and  silver  are  the  medium  ones  in  the  corresponding  groaps.  Assooiations  of  a 
mmilar  kind  are  directly  conclusive  of  those  relations  which  compose  the  essence  of  tlie 
law  of  periodicity. 

IS  Thua  thallium,  lead,  and  bismuth,  following  meroory  according  to  their  atomic 
weights,  form,  besides  compounds  of  the  highest  types  TlXj,  PbXj  and  BiXj,  also  the 
lower  ones  TlX.PbXj  nncl  BiXj. 
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the  above-mentioned  methoils,  ta  efiecte<I  at  the  expense  of  a  ontii- 
paratively  amall  amount  of  heat.  The  mixture  oi  vapours  of  mercuiy, 
air,  and  products  of  combustion  obtained  are  ciHiled  in  tulies  (by- 
water  or  air),  and  the  mercury  condenses  aa  litjuid  metal." 

Mf  reury,  eis  everybody  knows,  is  a  liquid  metal  at  the  orditmry 
temperature.  In  its  lustre  and  whiteness  it  resembles  silver.'^  At 
—  39°  mercury  is  transformed  into  a  malleable  crystalline  metal,  at  0° 
its  specitic  gravity  equals  13*596,  and  in  the  solid  state  at  — 40°  equals 
14-39.'*  Mercury  does  not  change  in  the  air — that  is  to  say,  it  does 
not  oxidise  at  the  ordinary  temperature — hut  at  a  temperature 
approachiug  the  boiling-point  (3G0°),  as  was  stated  in  the  Iutro<Iuction, 
it  oxidises,  forming  mercuric  oxide. 

Both  metallic  mercury  and  its  compounds  in  general  produce 
salivation,  trembling  of  the  hands,  and  other  unhealthy  symptoms 
which  are  found  in  the  workmen  subjected  to  the  influence  of  mer- 
curial vapours  or  the  dust  of  its  compounds. 

As  many  of  the  compounds  of  mercury  decompose  on  being  heated 
— for  instance,  the  oxide  or  carbonate  '^^and  as  zinc,  citdmiuiu,  copper, 

I'  DnriDg  the  contleiiution  of  the  VBpoun  of  mDrcur}'  in  works,  s  purl  ForaiH  s  block 
HUH  of  fimlj-divideil  particleB,  vrliicli  give  uietnllio  mercury  when  worked  up  in  i-entti- 
lagtl  muhinca,  or  on  preisaM,  or  on  further  distillatioD.  Tn  tuvrcDrj'  ve  obien-e  k 
londmc}  toHMilf  Hplit  up  into  t^e  fliieatdrupa,  wbich  me  difficult  to  unite  into  ■  deuw 
nuL  It  ia  mffioieut  to  iluke  up  raercurj  with  nitric  and  sulphuric  uidB  in  order  to 
prodoce  inch  a  ioen.-ory  poudrr.  The  mercurj  Mi]Miniled  (for  inatunea,  reduced  by  nuh- 
■titncs*  tiko  lolphuroiis  anhydride)  tiom  aolutiotis,  forma  auph  a,  powder.  According  b> 
the  eipcrimentii  of  Nemat,  this  diaintcgrated  mercury  when  eut«riiig  into  reactions 
davelopn  more  heat  than  Uie  clenie  liquid  met&t — that  is  to  aay,  the  work  of  diaintegra- 
lion  reapgieara  in  the  form  of  heat.  Thia  eiample  ia  inatructire  in  examining  thernio- 
diemiutl  dedactiona. 

'"  Mercury  may  nometimea  he  obtained  in  quite  a  pure  atate  from  wotka  (in  iron 
bottle*  holding  abont  US  kiloa).  bat  by  being  need  in  labnmlnriei  tor  baths,  calibration, 
Ac)  it  abaoibe  impurities.  Mercary  may  be  meitaanically  purified  in  the  following  way ; 
■  paper  filter  with  »  fine  bole  (pricked  with  a  needle^  ia  placed  in  a  glasa  funnel  and  mer- 
cury ia  poured  into  it,  which  alowly  trickles  through  the  hole,  leaving  the  impurities  upon 
Iha  filter.  Sometimes  iCia  aqneezed  tlirough  uhamois  leather  or  throD|[h  a  bloik  of  wood 
U*  ID  the  well-known  eiperiment  with  the  air-pamp).  It  may  be  purifled  from  many 
metol*  by  contact  wilb  dilute  nitric  acid,  if  email  drops  of  mercuiy  are  allowed  lo  pais 
thtonKh  a  thick  layer  of  it  (from  the  Rne  end  of  a  funnel) ;  or  by  shaking  it  up  with  aul- 
|)huno  BCkl  in  air.  But  the  complete  puriAcation  of  niercury  for  borometen  and 
•hmuon  eters  can  only  be  attained  by  distillation,  beat  in  a  vacuum.  For  thia  purpoae 
Wmngnld'a  apparatus  ia  moa       *  -      — 

inguiioD*.  the  diat  illation  hein 
with  freJi  mercnry,  whilst  t 
proeeaa  of  dlatillation  requirei 


"  AUaallaof  mercury,  when  mixed  with  Kdium  cart onale  and  hcatMl,  give  mcrturoui 


used.     Thei  principle  of  this  apf 
ed  in  a  Torricellian  vacuum  contin 
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iron,  and  other  metals  separate  mercury  from  its  salts, ^'  it  is  evident 
that  mercury  has  less  chemical  energy  than  the  metals  already 
described,  even  than  zinc  and  cadmium. 

Nitric  acid,  when  acting  on  an  excess  of  mercury  at  the  ordinary 
temperature,  gives  mercurous  nitrate,  HgNOjJ®  The  same  acid,  under 
the  influence  of  heat  and  when  in  excess  (oxide  of  nitrogen  is  separated), 
forms  mercuric  nitrate,  Hg(N03).2.  This,'^®  both  in  its  composition 
and  properties,  resembles  the  salts  of  zinc  and  cadmium.  Dilute  sul- 
phuric acid  does  not  act  on  mercury,  but  strong  sulphuric  acid  dissolves 
it,  with  evolution  of  siiJphnrotis  anhydride  (not  hydrogen),  and,  on 
being  slightly  heated  with  an  excess  of  mercury,  forms  the  sparingly 
soluble  mercurous  sulphate,  Hg2S04,  but,  if  strongly  heated  with  an 
excess  of  the  acid,  the  mercuric  salt,  HgSO^,'*  is  formed.  Alkalis  do 
not  act  on  mercury,  but  the  non-metals  chlorine,  bromine,  sulphur,  and 
phosphorus  easily  combine  with  it.  They  form,  like  the  acids,  two 
series  of  compounds,  the  difference  in  composition  being  that  the  lower 
degrees  contain  HgX  and  the  higher  HgX2 — that  is,  twice  as  much  of 
the  haloid,  or  half  as  much  mercury  for  the  same  quantity  of  the  haloid.' 
This  shows  that  mercury  Jbrnm  tivo  aeries  of  compounds — mercurotis^ 
HgX,  and  mercuric^  HgX 2.     The  oxygen  compound  of  the  first  series 

or  mercnric  carbonates ;  these  decomx)Ose  on  being  heated,  forming  carbonic  anhydride, 
oxygen,  and  vapours  of  mercury. 

^*  According  to  the  determinations  of  Thomsen,  the  formation  of  a  gram  of  mercurial 
compounds  from  their  elements  develops  the  following  amounts  of  heat  (in  thousands  of 
units):  Hgo  +  O,  42;  Hg  +  0,  31;  Hg  +  S,  17;  Hg  +  Cl,  41;  Hg  +  Br,  84;  Hg  +  I,  94; 
Hg  +  Cl.,  68;  Hg+Br,,  51;  Hg  «-I,,  84;  Hg-hC-^N.,,  19.  These  numbers  are  less  than 
the  corresponding  ones  for  potassium,  sodium,  calcium,  barium,  and  for  zinc  and  cadmium 
—for  instance,  Zn  +  O,  85 ;  Zn  +  CI2,  97 ;  Zn  +  Br,,  70 ;  Zn  + 1^,  49 ;  Cd  -  Clj,  9S ; 
Cd+Br-i,  75;  Cd  + 1.^,49. 

1^  Tliis  salt  easily  forms  the  crystallo-hydrate  HgN03,H.^0,  corresponding  with  ortho- 
nitric  acid  H3NO4  (the  terms  ortho-,  pyro-,  and  meta-acids  are  explained  in  the  chapter 
on  phosphorus),  with  the  substitution  of  Hg  for  H.  In  an  aqueous  solution  this  salt  can 
only  be  preserved  in  the  presence  of  free  mercury,  otherwise  it  forms  basic  salts,  which 
will  be  mentioned  hereafter. 

^^  Mercuric  nitrate,  Hg(N03V2,8H.20,  crystallises  from  a  concentrated  solution  of  mer- 
cury' in  an  excess  of  boiling  nitric  acid.  Water  decomposes  this  salt ;  at  the  ordinary 
temperature  cr3rstals  of  a  basic  salt  of  the  composition  Hg(N05Vi,HgO,2H^iO  are  formed, 
and  with  an  excess  of  water  the  insoluble  yellow  basic  salt  Hg(N03)2,K20,2HgO.  These 
three  salts  correspond  with  the  tyx)e  of  ortho-nitric  acid,  (H5N04)a,  when  mercury  is  sub- 
stituted for  1,  2  and  8  times  H.^.  The  first  salt  will  then  be  HgH4(N04)2,6HQO ;  the 
second,  Hg.2H.2(N04)2,H.20  ;  and  the  third,  Hg3(N04).-.,H20.  As  all  these  salts  still  contain 
water,  it  is  possible  that  they  corresjwnd  with  the  tetrahydrate = N2O5  +  4H.2O  =  NaOCOH)^ 
if  ortho-nitric  acid  =  N205  +  8H.jO  =  2NO(OH)3. 

''  To  obtain  the  mercuric  salt  a  large  excess  of  strong  sulphuric  acid  must  be  taken 
and  strongly  heated.  With  a  small  quantity  of  water  colourless  crystals  of  HgS04,H30 
may  be  obtained.  An  excess  of  water,  especially  when  heated,  forms  the  basic  salt  (as 
in  Note  20),  HgS04,2HgO,  wliich  corresponds  with  trihydrated  sulphuric  acid,  SO5+8H5O 
sSt'OH)^,  with  the  substitution  of  H^  by  8Hg,  which  in  mercuric  salts  is  equivalent 
to  He. 
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is  the  sulfoxide  of  mercury,  or  meroufous  oside,  Hg.jO,  and  of  t!i8 
second  order  the  ojcide,  HgO,  mercuric  oxide.  The  chlorine  compound 
corresponding  with  the  suboxide  is  HgOl  (iMtlomel),  and  with  the  oxide 
corresponds  HgClj  (corrosive  Bubliiuate  or  mercuric  chloride).  Tn  the 
compounds  HgX,  mercury  resembles  the  metals  of  the  fii-at  group,  and 
mure  especially  silver — that  is,  the  atom  of  mercury  ia  here  uniialent, 
of  the  type  RX.  In  the  mercuric  compounds  there  is  an  evident 
reaemblance  to  those  of  magnesium,  cadmium,  Ac,  because  these  form 
compounds  of  the  type  BX,.  Here  the  atom  of  mercury  ia  bivalent, 
AS  In  the  type  BXj."  Every  soluble  mercurous  compound  (cor- 
responding with  the  type  of  the  suboxide  of  mercury),  HgX,  forms  a 
whit«  precipitate  of  calomel,  HgCl,  with  hydrochloric  acid  or  ametallio 
chloride,  because  HgCt  is  very  slightly  soluble  in  water,  HgX  +  MCI 
=HgCl  +  MX.  In  soluble  mercuric  compounds,  HgX„  hydrochloric 
tLcid  and  metallic  chlorides  do  not  fonn  a.  precipitate,  because  corrosive 
aublimsle,  HgClj,  is  soluble  in  water.  Alkali  hydroxides  precipitate 
the  yellow  mercuric  oxide  from  a  solution  of  HgX,,  and  the  black 
mercurous  oxide  from  HgX.  Potassium  iodide  forms  a.  dirty  greenish 
precipitate,  Hgl,  with  mercurous  salts,  HgX,  and  a  red  precipitate, 
Hgl.„  with  the  mercuric  salts,  HgX;,.  These  reactions  distinguish  the 
mercuric  salts  from  the  mercurous  salts  which  i-epresent  the  transition 
from  the  mercuric  salts  to  mercury  itself,  2HgX=Hg+HgX,.  The 
salts,  HgX,  as  well  as  HgXj,  are  reduced  by  hydrogen  at  the  moment 
tif  separation  by  such  metals  as  zinc  and  copper  and  acids,  and 
also  by  many  reducing  agents — for  example,  hypophosphorous  acid,' 
as    the  lowest    grade    of    oxidation    of    phosptiorus,    by    sulphurous 

"  At  the  time  wlien  the  eiMn[>le  of  KachcompouDdHHsFCI]  ukI  PClj,  ^o,,  had  not  yet 
proTedtbe  Tkrinbilit;  of  the  lalenc;  ol  elementg — that  it,  n-heii  atomicit;  was  reckoned 
k  fniidBmeiitiil  and  oonitant  propertj  ol  the  element! — mercury  wm  alirays  regarded 
k*biT*lent  (iron,  qDadriralent;  N  nnd  F,  trirnlent,  Ac),  and  the  mercuric  cinnpDnndB 
HttXf  were  alone  Uken  as  iionuai  coai]ioands  of  niercuiy,  the  mercuroiis  cemponDilii 
Wnj;  regarded  as  Hg^, — tliatis  to  eay,  that  one  of  (be  affinities  of  each  atom  of  mercnrjr 
•erred  lor  the  loBtDal  cnnnection  of  the  aloma  of  mercury  which  mode  the  syHtem  Hga 
appear  biTalent.  Thi«  repreiientation  may  be  also  anderetood  thue :  the  molecule  HgX.j 
■hows  the  eqairolency  of  HgX  with  X  (according  to  the  liw  of  Bubntitutionl,  and,  there- 
fore. HgXHgX,  or  Hg.^j  was  formed,  as  OgH,  is  formed  from  OHj.  The  v«linur  density 
of  calomel,  which  indicates  the  molecule  HeCl,  wbb  then  eipUined  by  (he  splitting  up 
of  Hg-^lg  in  the  vapours  into  two  molecules,  Hg  and  HgClj.  These  suppoiitious,  ab 
pT««ent  anperflaons,  also  anlTer  on  account  of  thvir  assnming  a  nnian  between  aMma  of 
neicnTy,  whilst  in  the  metal  itself  they  are  separate-,  for  the  molecnle  of  mercury  eontiiins 
Due  atom  only.  Besides  thia.  eiperiment  directly  showed  that  the  vapour  density  ol 
talomel  remains  unelianRed  by  the  adniiitare  of  the  vapoars  of  corrosive  aoblimate. 
which  would  not  be  the  cnw  it  there  wag  only  o  mixture  of  vapours  of  Hj"  +  HsCI-i  in 
the  rapoar  ol  calomel,  front  which  it  mast  be  caticlmJed  that  the  fonnulu  HgCl  (and 
not  Hg,Cl,)  Gipresses  the  actual  molecular  nei^^lit  of  calomel— that  is  to  say,  that 
Donniry  ia  nnirolent  iu  the  mercurous  compoands,  and  biialent  in  the  mereurio 
eonipcunds. 

VOL.   II.  K 
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anhjdnde,  stanooaff  chloride,  ^c.  Here  the  mercuric  salts  are  first 
tr^tudormed  into  the  mercurous  salt«,  and  then  the  latter  are  redaced 
to  metallic  mercorj.  This  reaction  is  so  delicate  that  it  serves  to 
detect  the  smallest  quantity  of  mercnry.  For  instance,  in  cases  of 
poisoning,  the  mercaiy  is  discovered  bj  immersing  a  copper  plate  (par- 
ticularly if  a  galvanic  current  be  passed)  into  the  solution  to  be  tested, 
the  mercury  Ijeing  then  deposited  upon  the  copper  plate,  which,  on 
Ijeing  rublied,  shows  a  silvery  white  colour.  The  copper  plate,  on 
lieing  heated  yields  vapours  of  mercury,  and  then  again  assumes  its 
original  rerl  colour  (if  it  does  not  oxidise). 

The  mercurous  compounds,  HgX,  under  the  action  of  oxidising 
agents,  even  air,  pass  into  mercuric  compounds,  especially  in  the 
presence  of  acids  (otherwise  a  basic  salt  is  produced ),  2HgX  +  2HX  +  O 
=2HgX2  +  H20  ;  but  the  mercuric  compounds,  when  in  contact  with 
mercury,  cliange  more  or  less  readily,  and  turn  into  mercurous  coai- 
pounils,  HgXj  +  Hg=2HgX.  For  this  reason,  in  order  to  preserve 
solutions  of  mercurous  salts,  a  little  mercury  is  generally  added  to 
them. 

The  lowest  oxygen  compound  of  mercury — that  is,  mercurous  oxide, 
Hg^O-does  not  seem  to  exist,  as  the  substance  precipitated  in  the 
form  of  a  black  mass  by  the  action  of  alkalis  from  a  solution  of  mer- 
curous salts  gradually  separates  on  keeping  into  the  yellow  mercuric 
oxide  and  metallic  mercury,  as  also  does  a  simple  mechanical  mix- 
ture of  oxide,  HgO,  with  mercury  (Guibourt,  Barfoed).  The  other 
'compound  of  mercury  with  oxygen  is  already  known  to  us  as  mercuric 
(jxifle,  HgO,  obtained  in  the  form  of  a  red  crystalline  substance  by  the 
oxidation  of  mercury  in  the  air,  and  precipitated  in  the  shape  of  a 
yellow  jiowder  by  the  action  of  sodium  hydroxide  on  solutions  of  salts  of 
the  type  HgXj.  In  this  case  it  is  amorphous  and  more  amenable  to 
the  action  of  various  reagents  (Vol.  I.  page  474)  than  when  it  is  in  the 
crystalline  state.  Indeed,  on  trituration,  the  red  oxide  is  changed 
mU)  a  powder  of  a  yellow  colour.  It  is  very  sparingly  soluble  in  water, 
and  forms  an  alkaline  solution  which  precipitates  magnesia  from  the 
solution  of  its  salts. 

Mercury  combines  directly  with  chlorine,  and  the  first  product  of 
combinati<m  is  calomel  or  m/trciirous  chloride^  HgCl.  This  is  obtained, 
as  above  stated,  in  the  form  of  a  white  precipitate  by  mixing  solutions 
of  mercurous  salts  with  hydrochloric  acid  or  with  metallic  chlorides. 
A  precipitate  of  calomel  is  also  obtained  by  reducing  a  boiling  aqueous 
w>lution  of  corrosive  sublimate,  HgClj,  with  sulphurous  anhydride. 
It  is  likewise  produced  by  heating  corrosive  sublimate  with  mercury. 
Calomel  may  be  distilled;  its  vapour  density  equals  118  compared  with 
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hytlrogen — tint  is.  the  formula  HgCl  expresses  its  nolufiiUir  cnm- 
jfo^itior..  In  the  solid  state  its  specific  gravity  is  7'0  ;  it  crystallises 
in  rhombic  prisnis,  is  (.-olnurle&s,  but  iiaa  u  yellowish  tijit,  turns  browa 
fruin  the  »u;lion  of  liglit,  and,  when  boiled  with  hydntohloric  acid, 
decomposes  iuto  mercury  nnd  corrosive  sulilimate.  Corroaiiy  miblimaUt 
or  tiwreurie  cliluriiie,  HgCIj,  can  be  obtained  from  or  converted  into 
cnlom«l  by  many  methods.  An  excess  of  chioriiie  (for  instance,  aqva 
rvyi")  couverts  calomel  and  mercury  into  corrosive  sublimate.  It  ia 
terni^  corrosive  sublimate  on  account  of  its  being  volatile,  and,  in 
medicine  up  to  the  pi'esent  day,  it  ia  termed  MKrcuriiu  iublimatui  seu 
corromig.  The  vapour  density,  compared  with  hydrogen,  is  13.5 ; 
therefore  it  is  more  complex  than  calomel,  as  the  formula  shows.  It 
forms  colourless  prismatic  eiystiils  of  the  rhombic  system,  boils  ut  .'103°, 
and  is  soluble  in  alcohol.  It  is  usually  prepared  by  subliming  a 
mixture  of  mercuric  sulphate  with  common  salt,  HgSO, +  2NuCl 
^NasSOi  +  H^Dli,  Oornwive  sublimate  combines  with  mercuricoxide, 
fiimiing  an  oxyehloride  or  basic  salt,^"  of  the  composition  HgCli,2HgO 

"  A.  tteWy  Bnergetic  bases  (for  uisOume,  Uie  oiideB  MgO,  ZnO,  PbO.  CuO,  AljOj, 
mfis.  A:c.),mercnric  oiida  (tse  Notes  90,  31)  uiil  meRuianiKuidtlseaeil;  fdve  buic  ulti, 
wliicb  »IB  niiiBt  often  directly  (ormeii  by  the  action,  of  wnter  ou  Lhe  Qornml  uUt,  »c«irding 
tu  the  general  L-i^uulinn  (for  uwrcaric  compounda,  'RX.j) ; 

nllX,  +  rnHfl  "  2mHX  +  (n-mlRX^mB.0  . 

ur  lilw  ue  juodaced  directlj  from  the  uomuil  ult  uid  the  oxidit  or  its  liyilnixiile.  Thtu 
nunniniaB  nitntte.  when  trented  with  vnter.  fonna  bitiia  wlte  of  the  oampoailimi 
«H(tSOstJlg^,H,0,  a(HgNO,l,HgjO.H.jO.  iu;d  l!(Hi{NO,),HK^,a,0,  the  firat  two  o( 
which  ctystallise  well.  Nstunllj  It  is  pnasible  either  to  refer  aiinilkr  ulti  to  the  type  of 
hydmtes— fur  instuice.  the  secotid salt  tulbe  liydrate  N^O^tHjO— urto  Tipwitu  loom' 
IKHind.  UgXO^H^HO,  l>nt  tlie  content [H>rary  budget  of  evidence  on  buic  s&ltE  U  uol 
suffideotljr  uomplele  to  udmit  ol  geneniliMtinn.  Howerer,  it  is  ulreiidy  possible  to 
via*  the  mbject  in  llie  following  upeuts:  |1)  tHsio  uJts  are  priauipslly  formed  fraiu 
IseUs  b«Mi>:  (3)  certiun  luelals  liiientioned  ubuve)  form  them  with  pHrUculu-  osjie,  so  thai 
one  of  llie  CMiaes  ot  the  tanDation  of  muiy  bcwic  Baltsmaatdejiendoiithe  property  of  th« 
nolal  ilsulf ;  <8|  tlioie  bnaen  which  readily  tbrm  luaic  salts  as  ■  rule  alu>  readily  form 
dnnble  salts  { (ti  iu  the  fnrmalion  of  baaic  aalta,  lu  also  everywhere  in  chemistry,  where  k 
Mittcient  quantity  of  facts  buieaccninulftted,  we  clearly  see  the  oondilioniof  eqniponde- 
rant  lieterogeneoas  syitemB,  each  &s  we  saw,  tor  inttanoe,  in  Ilie  lonuatioii  of  double  salts, 
ct}staUa-hydrates  &<:. 

The  mercunc  salts  (confirming  the  third  thesin)  often  form  double  salts,  and  mumi^rio 
chlatide  »»sily  combiuee  with  aumionia.  forming  Hg(NH.),CI.,  or  In  generid  HgCl,HM<:i. 
If  aiBixlliniof  mensuroiu  uid  potasaiam  sulphates  he  diBnoived  in  dilute  sulphnrio  acid, 
Ilia  MlDtion  eiuilj  }^'elda  huge  ooloailees  crystals  of  >  double  salt  of  the  compoaitioa 
S,KOHaHgSO,.aHgO.  Boallay  obtained  cryBtaUinecompouude  of  mercuric  chloride  with 
hydrocjilone  acid,  and  mercuric  iodide  with  h^rdrlndic  acid  ;  and  Tliomsen  destribjs  tha 
courpound  HgBr^HBr,«H,0  as  •  welUcryitalllaed  salt,  melting  at  IS'',  and  Iwring.  in  a 
uiolien  stale,  aspeEiEc  gravity  ol  S-ITanda  high  index  ot  retrautiOD.  Let  as  also  mention 
that  the  pnnurof  salts  tor  tormiuK  basic  compouiida  has  been  uonalderabty  cleared  up 
bom  the  timcol  Ike  inTCBtigati(ina{Wllrti,Loieai,  and  olbersfol  glycol,  CgHi^OH),  (and 
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anhydride,  stannous  chloride,  &c.  Here  the  mercuric  salts  are  first 
transformed  into  the  mercurous  salts,  and  then  the  latter  are  reduced 
to  metallic  mercury.  This  reaction  is  so  delicate  that  it  serves  to 
detect  the  smallest  quantity  of  meroury.  For  instance,  in  cases  of 
poisoning,  the  mercury  is  discovered  by  immersing  a  copper  plate  (par- 
ticularly if  a  galvanic  current  be  passed)  into  the  solution  to  be  tested, 
the  mercury  being  then  deposited  upon  the  copper  plate,  which,  on 
being  rubbed,  shows  a  silvery  white  colour.  The  copper  plate,  on 
being  heated  yields  vapours  of  mercury,  and  then  again  assumes  its 
original  red  colour  (if  it  does  not  oxidise). 

The  mercurous  compounds,  HgX,  under  the  action  of  oxidising 
agents,  even  air,  pass  into  mercuric  compounds,  especially  in  the 
presence  of  acids  (otherwise  a  basic  salt  is  produce<l),  2HgX  4-  2HX  +0 
=  2HgX2  +  H.jO  ;  but  the  mercuric  compounds,  when  in  contact  with 
mercury,  change  more  or  less  readily,  and  turn  into  mercurous  coiu- 
pounds,  HgXj  +  Hg=2HgX.  For  this  reason,  in  order  to  preserve 
solutions  of  mercurous  salts,  a  little  mercury  is  generally  added  to 
them. 

The  lowest  oxygen  compound  of  mercury — that  is,  mercurous  oxide^ 
Hg20 — does  not  seem  to  exist,  as  the  substance  precipitated  in  the 
form  of  a  black  mass  by  the  action  of  alkalis  from  a  solution  of  mer- 
curous salts  gradually  separates  on  keeping  into  the  yellow  mercuric 
oxide  and  metallic  mercury,  as  also  does  a  simple  mechanical  mix- 
ture of  oxide,  HgO,  with  mercury  (Guibourt,  Barfoed).  The  other 
'compound  of  mercury  with  oxygen  is  already  known  to  us  as  viercuric 
oxide,  HgO,  obtained  in  the  form  of  a  red  crystalline  substance  by  the 
oxidation  of  mercury  in  the  air,  and  precipitated  in  the  shape  of  a 
yellow  powder  by  the  action  of  sodium  hydroxide  on  solutions  of  salts  of 
the  type  HgX2.  In  this  case  it  is  amorphous  and  more  amenable  to 
the  action  of  various  reagents  (Vol.  I.  page  474)  than  when  it  is  in  the 
crystalline  state.  Indeed,  on  trituration,  the  red  oxide  is  changed 
into  a  powder  of  a  yellow  colour.  It  is  very  sparingly  soluble  in  water, 
and  forms  an  alkaline  solution  which  precipitates  magnesia  from  the 
solution  of  its  salts. 

Mercury  combines  directly  with  chlorine,  and  the  first  product  of 
combination  is  caloifiel  or  merciirotta  chloride,  HgCl.  This  is  obtained, 
as  above  stated,  in  the  form  of  a  white  precipitate  by  mixing  solutions 
of  mercurous  salts  with  hydrochloric  acid  or  with  metallic  chlorides. 
A  precipitate  of  calomel  is  also  obtained  by  reducing  a  boiling  aqueous 
solution  of  corrosive  sublimate,  HgClj,  with  sulphurous  anhydride. 
It  is  likewise  produced  by  heating  corrosive  sublimate  with  mercury. 
Calomel  may  be  distilled;  its  vapour  density  equals  118  compared  with 
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Iiydrogt-n — thit  is.  the  formula  HgCl  expresses  its  iiiolwuliii-  (■uni- 
iHjsittun.  Ill  tlie  solid  state  its  specific  gravity  is  70  ;  it  erystiLUisea 
in  rhombic  prisni:^  is  colcurless,  but  has  a  yellowish  tint,  tui'iis  brown 
frwiii  the  action  of  light,  and,  when  boiled  wilh  liydrochloric  atid. 
ilccomjKlses  into  mercury  and  corrosive  Kublimate,  Corro(di<e  nuhli/iinU 
iir  inrTfiiric  ehluri'le,  HgCIj,  can  be  obtained  from  or  converted  into 
cnluiuel  by  lunny  nietlii>ds,  An  excess  of  chlorine  (for  instance,  tupia 
rrtfia)  converts  calomel  and  mercury  into  corrosive  sublimate.  It  is 
termed  corrosive  sublimate  on  account  of  its  being  volatile,  and,  in 
medicine  up  to  the  present  day,  it  Is  teniied  M/^reiiriiiii  tnblimatut  neu 
ruifiHciiii.  The  vapour  density,  compnred  with  hydrogen,  is  lo5 ; 
th^n^fore  it  is  more  complex  than  calomel,  as  the  formula  shows,  it 
[onus  caluurless  prismatic  crystals  of  the  rhoiubic  syHteiii,  boils  at  SO-?", 
and  is  soluble  in  alcohol.  It  is  usually  prepared  by  subliming  a 
miJtture  of  mercuric  sulphate  with  common  salt,  HgS0,  +  2NaCl 
=  Na,!SO,  +  Hi!Ul,.  Connsive  sublimate  combines  with  mercuric  oxide, 
forming  an  oxycliloride  or  basic  solt,^"  of  the  composition  HgCl^SHgO 

"  A>  ttehiy  energetic  bane*  ((or  instance,  the  t.»ide»  MgO,  ZnO.  PhO,  CuO,  AljOj, 
Bb^.  Ac.  I,  mercuric  oiiae  [lee  Not«a  HO.  21)  and  uien^iuaaBuiidexuBilytfiye  buic  Bults, 
■rbicb  utr  wostollen  directly  formed  by  Clie  action  of  walei  ou  the  iiunuul  ndt,  sccotdiDg 
to  the  geneml  crjualioii  (for  luercurie  compound!,  BX,) ; 

«RX.,  +  wrH..O  -  a."HS  +  tn-mlR3,niBO 

ui  eUe  MO  produced  directly  from  tlie  nomul  bait  and  the  oxide  or  its  hydroxide.  Thue 
■oercuroua  nitmte,  wheu  treated  wilh  water,  forms  basic  aaltn  of  Che  cmnpoaition 
i{HgSO,).Vig'fl,a^O,  3(HgNO,,l,Hg.,0,HiO,  and  a(H(!NO,,),Hg,0,H,0,  Ibe  llret  two  o( 
■liicb  c(7aU]li«e  well.  Naturally  it  is  pouiblc  either  to  refer  similac  siLtts  tu  the  type  of 
hydnt««— for  iiulance,  the  lecond  aalt  to  tbc  liydrate  N,0:„iH,0-ur  to  view  it  ae  a  cum- 
{■nond.  UgNOs.HgHO,  but  the  contemporary  budget  of  evidence  ou  b.-Leia  salts  is  not 
aodlcieotly  oomplete  to  admit  of  geneialiution.  However,  it  is  sfrendy  possible  to 
view  lh«  subject  in  the  following  aapecl*:  |1J  boaic  salts  are  principally  furuied  from 
laelib  baoes;  (SI  cprbiiti  metal*  (mentiuued  obuve)  form  them  with  particular  ease,  so  Ihst 
mia  of  (be  causes  of  the  Immation  of  nuiny  basic  sSilts  must  depend  on  the  property  of  the 
mnUl  tUeli :  (3)  tbosa  bases  which  readily  fbrm  basic  salts  as  a  rule  also  readily  lurm 
duubbiBalla;(«>in  the  formation  ol  baaio  ii>alt«,B>  also  everywhere  in  chemistry,  irhure  a 
•nlllcicait  quantity  of  facts  bsvo  accumulated,  we  clearly  sve  the  coiiditiimsof  cquiponde- 
nuit  liirterogeneons  systems,  socbaswe  saw,  tor  instance,  in  the  formation  of  double  salts, 
cryrtallo-hydraleti,  Ac. 

Tbe  neirDnc  salts  (confirming  the  third  thesis)  often  form  dcmblo  salts,  and  mercurie 
tblonde  e«illy  combines  with  aiiunonia,  forming  IIg|NB.|.,Cl,.or  in  general  HgCljnMCI, 
U  •  mixture  uf  mercarons  and  potassium  snlphatea  be  dissolrod  in  dilute  iulphorio  aeid, 
tlio  solnlKiB  easily  yields  large  colourless  crystals  of  a  double  salt  of  Uie  composition 
KiS0.,BHKtiO„XHiO.  Boollay  obtained  cryslallinecampouiidBofmcr;uric  chloride  with 
hydroghlnric  acid,  slid  luoicuric  iodide  with  bydriodic  acid  ;  aud  Thoiusen  describ;!  the 
rorniKiiind  Hi;Bi],HBr,4H^  as  aweU-c-rjstallised  salt,  melting  at  1S°,  and  having,  In  a 
nulten  statu,  aspeciSc  gravity  of  SIT  anda  high  index  of  refraction.  Let  us  aJsoinention 
Uul  the  power  of  soils  (or  forming  basic  compounds  has  been  considBnibly  clearod  up 
Iron  lb«  time  of  tlie  investigationi  (WUrtx,L(Henji, aud  others)  of  glycol,  C3U,(OH>j  (and 
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(maguesiuni  aiul  zinc  form  similar  compounds).  This  compound  is 
obtained  by  nuxing  a  solution  of  corrosive  sublimate  with  mercuric 
oxide  or  with  a  solution  of  sodium  bicarbonate.  In  general,  with  both 
mercurous  and  mercuric  salts,  there  is  a  marked  tendency  to  form 
basic  splits.'* 

^lorcuiy  has  a  remarkable  j^^ower  of  forming  very  unstable  com- 
pounds with  annnonia,  in  which  the  mercury  replaces  the  hydrogen, 
and,  if  a  uierouric  compound  be  taken,  its  atom  occupies  the  place  of 
two  atoms  of  the  hydrogen  in  the  ammonia.  Thus  Plantamour  and 
llirtzel  showed  that  precipitated  mercuric  oxide  dried  by  slightly 
lieating,  when  continuously  heated  (up  to  100^-150^)  in  a  stream  of 
dry  annnonia,  leaves  a  brown  powder  of  mercuric  nitridej  ^^^g^, 
ai'ooitling  to  the  equation,  3HgO  »  2NH3=X.>Hg,  +  3H20.  This  sub- 
st^mce,  which  is  attacked  by  water,  acids,  and  alkab's  (giWng  a  white 
pow(U'r).  is  very  explosive  when  struck  or  rubbed,  evolving  nitrogen, 
proving  that  the  bond  Ijetween  the  mercurj*  and  the  nitrogen  is  very 
feeble.**     By  the  action  of  liquetied  ammonia  on  yellow  mercuric  oxide 

iHtlyatouiic  alcohols  resembling  it\  because  the  ethers,  C^HiX.^,  corresponding  with  it, 
art*  i-apjible  of  frtmiing  compoumlp  containing  C.2H4X;«C>H40. 

On  the  other  hand,  there  is  reason  to  think  that  the  property  of  forming  basic  salts  is 
in  connei-tiitu  with  the  }>olymensation  of  bases,  especially  colloidal,  as  developed  in  the 
chapter  on  silica,  lead  salts,  and  tungstic  acid. 

-*  Menuric  i«^ide.  HgL>,  is  obtained  first  as  a  yellow,  and  then  as  a  red,  precipitate  on 
mixing  sohitions  of  mercuric  salts  and  potassium  iodide,  and  is  soluble  in  an  excess  of  the 
latter  lin  conseqnenee  of  the  formation  of  the  double  salt,  HgKI-^> :  of  ammonium chl<mde 
^for  a  similar  reason*,  iVc.  It  crystallises  at  the  ordinary  temperature  in  sqoare  prisms 
of  a  ri'il  c.'l«»ur.  On  being  heated,  these  change  into  yellow  rhombic  crystals,  isomorphous 
in  orystaUine  form  with  mercuric  chloride.  This  yellow  form  of  mercuric  iodide  .is  rery 
unstable,  a::d  when  c<x>led  and  triturated  easily  again  assumes  the  more  stable  red  form. 
^Yl•.e!l  fu'^iil.  a  yellow  hquid  is  obtained.  yiercnric  cyanide,  Hg-CX  *.  forms  one  of  the 
nio>:  staltle  metallic  cyanides.  It  is  obtained  by  dissolving  mercuric  oxide  in  pmssic  acid, 
and  by  boiling  prussian  blue  with  water  and  mercuric  oxide,  ferric  iron  being  then 
obtaine<l  in  the  precipitate.  Mercuric  cyanide  is  a  colourless  crystalline  substance,  soluble 
in  water,  and  distinguishable  by  its  great  stability :  sulphuric  acid  does  not  liberate 
pru^s.c  acid  from  it.  and  even  caustic  potash  does  not  remove  the  cyanogen  4a  complex 
salt  is  prultably  produced*,  but  the  halogen  acids  disengage  HCX.  Like  the  chloride, 
it  combine >  wit !i  mercuric  oxide,  forming  the  oxycyanide.  Hg^O  CN  >  and  it  shows  a  very 
marke<l  terdmcy  to  form  double  compounds — for  instance.  K^HgCN*^.  The  alkali 
chloriiles  aiu\  :c  dides  form  similnr  compounds — for  instance,  the  salt  HgKIiCN-j  crystal* 
lises  \ery  well,  and  is  produced  by  directly  mixing  solutions  of  potassium  iodide  and 
mercuric  cyanide. 

'•*  The  rt'adiness  with  which  mercuric  nitride  explodes  shows  that  the  connection 
bt-twe^n  the  nitrogen  and  the  mercury  is  very  unstable,  and  is  explained  by  the  circiim> 
stance  that  the  so-called  mercury  fulminate,  or  fulminating  mercury  is  an  exceedingly 
exi'I-  — i ve  *ab>tance.  This  substance  is  preiiareil  in  large  quantities  fv»r  explosive  mixtniea ; 
it  enter?*  into  the  composition  of  |>ervussion  caps,  which  expU^le  when  struck,  and  kindle 
gr.nf<.'wder.  Mercury  fulminate  was  discovered  by  Howard,  and  from  that  time  has  been 
prepAF^l  .u  the  following  way :  one  part  of  mercury  is  dissolve^!  in  twelve  parts  of  nitrie 
ac;d.  of  >p.  gr.  1*36,  and  when  the  whole  of  the  mercoxr  is  dissoh-ed.  5*5  parts  ol  90  pue. 
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Weilz    also    oljtFime<l    an    explosive   compound,    diniercurRmmoniiin] 
li^'di-oxide,   Njlig,0,  whlcli  corresponds  with    an   auiTnoniuin  OKide, 


■loohol  is  added,  and  the  qiasb  i«  sbikken.  A  reactian  t1 
(olf'heating,  piodnced  by  the  oiidation  of  the  Hleohol.  AetUklly.inuiy  oiidiitioDpradarM 
■rr  iiroduwd  during  tbe  action  o(  tho  nitric  acid  on  the  alcohol  (glyeollic  acid,  ethen,  Ac). 
Wlisn  the  reaction  beoomes  f«rly  stroof:,  the  some  iiunCity  of  alcohnl  is  added  as  at  tint 
eomniencenwnt.  and  then  the  grey  ptedpitnte  ot  the  fiduiinate  wepamteii. 

ThiaMllha*  tho  oompoaition  CjHgfNO^lN.  It  tup] odes  whoQ  strucli  or  healed.  Tlie 
mnnui;  in  it  may  be  repUced  by  other  metals — foe  instance,  oupiMC  or  Eiiio.  and  nlm 
nlrer.  Thp  silner  sale,  C,Ag,(KO:>)N.  »  obtained  in  n  preciiiely  luuJogoui  manner,  and  is 
men  man  eiplooire.  Under  the  action  ol  alkaU  chlorides,  only  half  the  silver  is rapliiced 
by  the  iJkali  meUl.  but  if  the  whole  of  tho  silver  be  replaced  by  an  alknU  meUI,  then 
Ihe  salt  dei'oniposes.  Thiais  evidently  bwanie  combinatioia  of  dus  kind  proceed  in  virtne 
ol  the  tonnation  of  sabstances  in  which  mercury,  and  metals  akin  to  it,  sre  connected  in 
an  anslable  way  with  nitrogen.  Fotassinm,  and  other  light  metslB,  ore  incapable  ot 
entering  into  such  connection,  und  therelore,  the  enbatitution  ot  potoHsinm  for  meroniy 
entoilfi  the  splitting  ap  of  the  arruigement.  Investigations  of  the  tulniinales  wemcnrried 
on,  Hpcciolly  by  Gsy-Lnsaac  and  Liebig,  but  only  the  investigations  nf  L.  N,  Hhishkofl 
fully  cleared  up  the  composition  and  relation  ot  this  aubstunoe  la  the  other  carbon 
compounds.  ShialikofI  showed  that  fulminates  correspond  with  the  nitrogen  acid, 
C^^NOj)!).  The  e)iplo«ivene«B  of  the  group  depends  partly  on  ili  containing  at  the  same 
time  NO,  and  carbon:  we  Ml  ready  know  that  all  auch  nitragenoomponnds  are  explosive. 
If  we  iniaftine  that  the  NOj  is  replaced  by  hydrogen,  we  shall  have  a  substance  of  the 
cnmpoaitiun,  C.jHjN.  This  is  acetonitrile — thati«,  acetic  aoid  't-NHs-SH^O,  or  ethenyt 
nitrile,  as  idiawn  in  Chapter  TI.  The  furuution  ot  an  acetia  Dompimnd  liy  Uie  action  of 
nitric  acid  on  alcohol  in  easily  andentood,  because  acetic  aoid  is  prodnved  by  the  oiida- 
lion  of  alDohol,  and  the  production  ot  the  elements  of  aiiunoiiia,  indispensable  for  tho 
lonnalian  of  a  nitrite,  is  acoonnted  tor  by  the  fact  that  nitric  acid,  under  the  action  cd 
rwlncing  iiibstancea,  in  mnny  cases  fonna  ammonia.  And  thus  the  formation  ol  aceto- 
nitrile,  C^HjN.  becomes  pmsible  whan  alcohol  acts  cm  nitric  avid.  In  tbia  acetonitrila,  an 
ii*hang"  of  one  Atom  ot  hydrogen  with  the  group  NOj  ia  aocompliahed  whilst  tbe  twu 
others  are  replaced  by  mercury— that  ia  to  say,  [Dtmianting  mercury.  Cg(\OJHEN,  ia 
lomied.  The  eiplaiivenesa  of  this  componnd  is  explained  not  only  by  the  oommoa  pre- 
•Muse  at  Cj  and  HO^,  but  also  by  the  preaence  of  Bg  and  S,  ma  nitride  "I  mercury  ia 
«{>lonvH.  The  preseooe  of  the  group  NO.,  in  fulminating  mercury  je  shown  by  its  form- 
ing ehluropicrin,  ClKOilCtj,  when  tiealed  with  chlorine,  similorty  lo  other  nitro  com- 
ponnda,  and  the  formation  of  acetonitrile  is  demon Htraled  by  the  Isct  thst  fidminotiug 
nBTCnry.  when  treated  with  bromine,  forms  bromoDitroacetonitrile,  Cj{N'0.)Br,X.  The 
BiptoaiveDess  ol  fulminating  mercury,  tlie  rapidity  of  its  decomposition  (gungiowder,  and 
eivn  gtuicotton.  bum  more  slowly  and  explode  leas  violently),  and  the  force  nf  its  etplo- 
mea,  ore  such  that  the  explosion  of  a  small  quantity  (loosely  covered)  will  shatter 

The  investigation!  ot  Abel  on  the  communication  ot  explosion  from  one  HuhslAnce  to 
Miollwr  an  remarkable.  It  gnncotlon  be  ignited  in  on  open  siiace,  it  linni-  ijuietly.  but 
if  falminating  mercnry  be  exploded  by  the  aide  ol  it,  the  decompoHilimi  of  the  tnincotton 
ia  •(l>cl«d  inatontaneously,  and  it  then  ihatlerh  the  objects  apon  whinh  it  lira,  so  rapid  ia 
the  decompoiritloD.  Abel  explains  this  by  sUtingtbat  the  explosion  of  the  hilmlnating 
sail  fadnga  Die  molecules  of  goncotton  into  a  special,  as  it  were,  harmniiions  stale  ol 
ribration.  which  engenders  the  rapid  decamposttion  of  the  whole  maes.  This  rapid 
.deeompeaition  of  explosive  substances  establishes  the  distinction  between  eiplonion  and 
eombnstion.  Besides  this,  Berthelot  ahowed  that  from  that  lorm  of  powerfnl  mnlecnlar 
eoncuwion  which  lakes  place  during  the  explosion  of  fulminating  mercury,  the  state 
of  lennon  and  stability  ot  eiinilibrinm  ot  luliBUuices  which  ore  endothermal,  or  capable 
of  (teeompOHng  with  the  disengagement  ot  Ileal — tor  instance,  cyanogen,  nitro  uomponnda, 
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(NII,)5iO,  in  which  the  whole  of  the  hydrogen  is  replaced  by  mercuiy. 
A  holutioii  of  ammonia  reacts  with  mercuric  oxide,  forming  the 
hydroxide,  NHg^'OH,  to  which  a  whole  series  of  salts,  NHgjX,  corre- 
Kpond  ;  tliese  are  generally  insoluble  in  water  and  capable  of  decora- 
pDsing  with  an  explosion.  But  salts  of  the  same  type,  but  with  one 
atom  of  niercur}',  NH-^HgX,  are  more  frequently  and  more  easily 
ioniutd  ;  they  were  principally  studied  by  Kane,  although  known  long 
ago.  Thus,  if  anunonia  be  added  to  a  solution  of  corrosive  sublimate 
(or,  still  Inttter,  in  reverse  order),  a  precipitate  is  obtained  known  as 
white  precipitate  (Mercitriiis prwrijiitatus  aJhus)  or  mercuramuionium 
ehJitrlflf,  NH^HgCl,  which  may  also  be  regarded  as  HgXg,  where  oneX 
ecjuals  CI  and  the  other  X  equals  the  ammonia  radicle,  HgCl2  +  2NH3 
ssNII.^HgCl  +  NH^Cl.  When  heated,  mercurammonium  chloride 
d(;<:onip()Sf^8,  yielding  mercurous  chloride  ;  when  heated  with  dry  hydro- 
chloric acid  it  forms  ammonium  chloride  and  mercuric  chloride.  Other 
Kiinple   and   double   siilts   of   mercurammonium,   NHgHgX,   are    also 

IWIOWH. 

Mercury  as  a  liquid  metal  is  capable  of  dissolving  other  metals  and 
forming  metallic  solutions.  These  are  generally  called  'amalgams.'  The 
formation  of  these  solutions  is  often  accompanied  by  the  development 
of  a  large  amount  of  heat — for  instance,  when  potassium  and  sodium 
are  (lis.soh  ed  ;  but  sometimes  heat  is  absorbed,  as,  for  instance,  when 
lea<l  is  <lissolved.  It  is  evident  that  phenomena  of  this  kind  are 
exceedingly  similar  to  the  phenomena  accompanying  the  dissolution  of 
salts  and  other  substances  in  water,  but  here  it  is  easy  to  demonstrate 
that  which  is  far  more  difficult  to  observe  in  the  case  of  salts  :  the 
solution  of  metals  in  mercury  is  accompanied  by  the  formation  of 
definite  chemical  compounds  of  the  mercury  with  the  metals  dissolved. 
This  is  shown  by  the  fact  that  when  pressed  (best  of  all  in  chamois 
leather)  such  solutions  leave  solid,  definite  compounds  of  mercury  w^ith 
metals.  It  is,  howevej*,  very  difficult  to  obtiiin  them  in  a  pure  state, 
on  account  of  the  difficulty  of  separating  the  last  traces  of  mercury, 
which  is  mechanically  distribute<l  between  the  crystals  of  the  compounds. 
Nevertheless,  in  many  cases  such  compounds  have  undoubtedly  been 
obtfiined,  and  this  is  clearly  shown  by  the  evident  crystalline  structure 
and  characteristic  appearance  of  many  amalgams.  Thus,  for  instance, 
if  about  2i  p.c.  of  sodium  is  dissolved  in  mercury,  a  hai-d,  crystalline 
amalgam  is  obtained,  very  friable  and  little  changeable  in  air.  It 
contains  the  compound  NaHg.=^  (Vol.  I.  page  529).     Water  decomposes 

nitrouH  oxide,  d'c. — is  generally  destroyed.  Tliorpe  showed  that  carbon  bisalphide,  CS.^, 
as  an  endothennal  subntance,  also  dcHX)nipofte8  into  Bulpkur  and  charcoal,  when 
fulminating  mercury  is  exploded  in  contact  with  it. 
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it,  with  the  evolution  o£  hydrogen,  but  more  slowly  than  other  sodium 
amalgams,  and  this  action  of  water  only  bIiows  that  the  bond  between 
the  sodium  and  the  mercury  is  weak,  just  like  the  connection  between 
mercury  and  many  other  elements  —for  inatauce,  nitrogen.  Mercury 
directly  and  easily  dissolves  potassium,  sodium,  zinc,  cadmium,  tin,  gold, 
bismuth,  lead,  ^-c,  and  from  such  solutions  or  alloys  it  is  in  most  cases 
easy  to  extract  definite  compounds— thus,  for  instance,  the  compounds 
iif  mercury  and  silver  have  the  compositions  HgAg  and  Ag^Hgj. 
Objects  made  of  copper  when  rubbed  with  mercury  become  covered 
with  a  white  coating  of  that  met«l,  which  slowly  forms  an  amalgam  ; 
silver  acts  in  the  same  way,  and  platinum  combines  with  mercury  with 
still  greater  ditticulty.  This  metal  only  readily  forms  an  amalgam 
when  in  tlie  form  of  a  fine  powder.  If  salts  of  platinum  in  solution 
are  poureil  on  to  an  amalgam  of  sodium,  the  latter  element  reduces  the 
platinum,  and  the  platinum  separated  is  dissolved  by  the  mercury. 
Almost  all  metals  readily  form  amalgaois  if  their  solutions  are  decom- 
posed by  a  galvanic  current,  where  mercury  forma  the  negative  pole. 
In  this  way  an  amalgam  may  even  be  made  with  iron,  although  iron  in 
a  mass  does  not  dissolve  in  mercury.  Some  amalgams  are  found  In 
nature — for  instance,  silver  amalgams. 

Amalgams  are  used  in  considerable  quantities  in  the  arts.  Thus 
the  solubility  of  silver  in  mercury  is  taken  advantage  of  for  extracting 
that  metal  from  the  ore  by  means  of  amalgamation,  and  for  silvering 
by  fii'e.  The  same  may  be  said  of  gold.  Tin  amalgam,  which  is 
incapable  of  crystallising  and  is  obtained  by  dissolving  tin  in  mercury, 
composes  the  brilliant  coating  of  ordinary  looking-glasses,  which  is 
made  to  adhere  to  the  surface  of  the  polished  glass  by  simply  pressing 
tin  sheets  bathed  in  mercuiy  on  to  the  cleansed  surface  of  the  glass  by 
mechanical  means." 


I"  I  b«re  mnsider  it  •ppropriato  to  turn  attention  to  the  want  of  nn  element  (eka- 
(■dmiiilul  beCwecD  oBiliaium  and  merDnry  in  the  [wriodio  system  (CbBpter  XV.)'  Bat,  m 
■B  the  ninth  (eries  there  ii  not  a  aiaKleknownelenient,  it  may  be  that  this  seiieKia  entirely 
eompomd  of  element!  incapable  of  eiiating.  However,  until  this  !«  proved  in  one  way  or 
viotjier.  it  may  be  eoneladed  that  the  [iroperties  a(  ekacsdmium  wilt  be  between  those  of 
I  admimn  and  manotj.  It  ought  to  have  na  atnmio  weight  of  aboat  IBS,  to  form  an 
I  oxide  EcO.  ■  slightly  stable  oxide  EcjO.  Both  ought  to  he  feeble  bases,  easilf  forming 
dnnble  and  basic  salts.  The  volume  of  the  oitide  will  he  nearly  ITU,  bocaoise  the  volume 
of  eadmiiuu  oiide  is  aboat  Id,  and  that  ol  niercaiic  oxide  IB,  Therefore,  Ibe  density  of 
the  oxide  will  approach  ni*lTS^3-7.  The  metal  ought  to  be  esaily  fusible,  oxidising 
when  heated,  of  a  grey  colonr.  with  a  spocilic  vfllnme,  about  11  (csdmiam  — 13,  mercoty 
—  IG).  and,  thnetorni  its  specific  gravity  (15S*-lt)  will  nearty^Il.  Such  a  metal  is 
nnknown.  Bnt  in  1ST9  Dahl,  in  Nncway,  diacoceied  in  the  island  of  Olerii.  not  Far  fmm 
Kragerii,  in  a  vein  of  Iceland  spar  in  a  nickel  mine,  traces  of  a  new  metal  whicti  be  called 

fnond,  Ibe  experiments  trere  not  oonlinned ;  the  first  information  was  sc«nly,  completo 
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parity  of  the  metal  was  not  attained,  and,  therefore,  the  properties  ascribed  to  norweginnx 
ought  to  be  regarded  as  approximate,  and  likely  to  undergo  considerable  alteration  on 
farther  study.  A  solution  of  the  roasted  mineral  in  acid  was  twice  precipitated  by  sulphu- 
retted hydrogen,  and  again  ignited ;  the  oxide  obtained  was  easily  reduced.  When  the 
metal  was  dissolved  in  hydrochloric  acid  largely  diluted  with  water,  and  the  solution 
boiled,  the  basic  salt  was  precipitated,  and  thus  freed  from  the  copper  which  remained  in 
the  solution.  The  reduced  metal  had  a  density  9*44,  and  easily  oxidised.  If  the  com}x>- 
sition  NgO  be  assigned  to  the  oxide,  then  Ng==l46'9.  It  fused  at  254°;  the  hydroxide 
was  soluble  in  alkalis  and  potfi^sium  carbonate.  In  any  case,  if  norwegium  is  not  a  mixture 
of  other  metals,  it  belongs  to  the  uneven  series,  because  the  heavy  metals  of  the  even 
series  are  not  easily  reducible.  Brauner  thinks  that  norwegium  oxide  is  NggOs,  the  atom 
Ng=219,  and  places  it  in  Group  VI.,  series  11,  but  then  the  feebly  acid  higher  oxide,  NgOj, 
ought  to  be  formed. 

Amongst  those  metals  accompanying  zinc  which  have  been  pointed  out,  but  not 
authentically  extracted,  the  actinum  of  Phipson  must  be  ranked  (1H81).  He  remarked 
that  certain  sorts  of  zinc  give  a  white  precipitate  of  zinc  sulphide  which  blackens  on 
exposure  to  light  and  then  becomes  white  in  the  dark  again.  Its  oxide,  closely  re- 
sembling in  many  ways  cadmium  oxide,  is  insoluble  in  alkalis,  and  it  forms  a  wliite 
metallic  sulphide,  blackening  on  exposure  to  light. 


CHAPTER    XVII 


BOROS,  ALUmSIUM,  AND  THE   ANALOGOUS   METALS   OF  THE   THIBD   CROCP 


Ip  the  elements  of  small  atomic  weigbt  which  have  l>een  as  yet  con- 
sidered by  UB  be  pUced  ic  order,  it  will  be  clearly  seen  that,  judging 
by  the  forniulie  of  their  hi^Lcr  eompouiids,  one  element  is  wanting 
between  berj-ilium  ,-iiid  carbon.  Indeed,  lithium  gives  LiX,  beryllium 
fornia  BeX  j,  and  then  cornea  carbon,  giving  CX^.  Evidently  to 
complete  the  series  we  must  look  for  an  elouieut  forming  IIX,,,  and 
having  an  atomic  weight  greater  than  9  and  less  than  12.  And  boron 
is  such  a  one ;  its  atomic  weight  is  1 1,  and  its  uompounda  are  expressed 
by  BXj. 

Lithium  and  beryllium  are  metals  ;  carbon  has  no  metallic  pro- 
perties;  boitiD  appears  in  a  free  state  in  several  fornis  which  are 
intermediate  between  the  metals  and  non-metala.  Lithium  gives  an 
energetic  caustic  oxide,  beryllium  forms  a  very  feeble  base  ;  hence  one 
would  expect  to  find  that  the  oxide  of  bonm,  BjO^,  has  still  more 
feeble  basic  properties  and  some  acid  properties,  all  the  more  as  COj 
and  NjOj  are  acid  oxides.  And,  indeed,  the  only  known  oxidf  of  boron 
exhibits  a  feeble  basic  character,  together  with  the  properties  of  a 
feeble  acid  oxide.  This  is  even  seen  from  the  fact  that  a  solution  of 
boron  oxide  reddens  blue  litmus  and  acts  on  turmeric  paper  ns  an 
alkali,  and  these  reactions  may  !«  used  fur 
selves  the  alkali  borates  have  an  alkaline 
indicates  the  feeble  acid  chai-acter  of  boric  ai 
solution  with  hydrochloric  acid,  boric  ncid  ii 
of  turmeric  paper  be  immersed  i 
excess  of  hydi-ochloric  acid  volatilisi 


its  discovery.  By  them- 
(  reaction,  which  clearly 
cid.  If  they  are  mixed  in 
cid  is  liberated,  and  if  a  piece 
is  solution  and  then  dried,  the 
while  the  boric  acid  remains  on 


the  paper  and  communicates  a  brown  eohriUion  to  it,  just  like  alkalis. 

Boron  trioxide  or  Imrio  anhydride  enters  into  the  composition  of 
many  minerals,  in  the  majority  of  cases  in  small  quantities  as  an 
isomorphous  admixture,  not  replacing  acids  but  bases,  and  most  fre- 
quently (Al,0))  alumina,  because,  as  a  rule,  the  amount  of  alumina 
decreases   as   that  of  the  boric  anhydride   increases  in   them.     This 


58  PRINCIPLES  OF  CHEMISTRY 

sabstitntion  is  justified  bj  the  similarity  between  the  atomic  composition 
of  the  oxides  of  aluminium  (alumina)  and  boron.  The  subdivision  of 
oxides  into  basic  and  acid  can  in  no  waj  be  sharply  defined,  and  here 
we  meet  with  the  most  conclusive  proof  of  the  feict,  for  the  oxides  of 
boron  and  aluminium  belong  to  the  number  of  intermediate  oxides, 
closely  approaching  the  limit  separating  the  basic  from  the  acid  oxides. 
Their  type  (Chapter  XV.)  R2O3  is  intermediate  between  those  of 
the  basic  oxides  R^O  and  RO  and  those  of  the  acid  oxides  R^O^  and 
ROj.  If  we  turn  our  attention  to  the  chlorides,  we  remark  that 
lithium  chloride  is  soluble  in  water,  is  not  volatile,  and  is  not  decom- 
posed by  water ;  the  chlorides  of  beryllium  and  magnesium  are  more 
volatile,  and  although  not  entirely,  still  are  decomposed  by  water  ; 
whilst  the  chlorides  of  boron  and  aluminium  are  still  more  volatile  and 
are  decomposed  by  water.  Thus  the  position  of  boron  and  aluminium 
in  the  series  of  the  other  elements  is  clearly  defined  by  their  atomic 
weights,  and  shows  us  that  we  must  not  expect  any  new  and  distinct 
functions  in  these  elements. 

Boron  was  originally  known  in  the  form  of  sodium  borate, 
Na2B4O7,10H2O,  or  borax,  or  tincdl,  which  was  exported  from  Asia, 
where  it  is  met  with  in  solution  in  certain  lakes  of  Thibet ;  it  has  also 
been  discovered  in  California  and  other  localities.  *  Boric  acid  was  after- 
wards found  in  sea- water  and  in  certain  mineral  springs.'     Its  presence 


1  Borax  is  either  straightway  extracted  from  lakes  (the  American  lakes  give  abont 
2000  tons  and  the  lakes  of  Thibet  abont  1000),  or  by  heating  native  calcium  borate  [tee 
Note  3;  with  sodinm  carbonate  (about  1000  tons  per  year),  or  it  is  obtained  (up  to  2000 
tons)  from  the  Tuscan  impure  boric  acid  and  sodium  carbonate  (carbonic  anhydride  is 
evolved).  Borax  gives  supersaturated  solutions  with  comparative  ease  (Gemez),  from 
which  it  crystallises,  both  at  the  ordinary  and  higher  temperatures,  in  octahedra,  con- 
taining Na;B407,5H20.  Its  sp.  gr.  is  1*81.  But  if  the  crystallisation  proceeds  in  open 
vessels,  then  at  temperatures  below  56°,  the  ordinary  prismatic  crystallo-hydrate 
B4Xa2O7,10H2O  is  obtained.  Its  sp.  gr.  is  1*71,  it  effloresces  in  dry  air  at  the  ordinary 
temperature,  and  atO°  100  parts  of  water  dissolve  about  3  parts  of  this  crystallo-hydrate, 
at  50^  27  parts,  and  at  100°  201  parts.  Borax  fuses  when  heated,  loses  its  water  and 
gives  an  anhydrous  salt,  which  at  a  red  heat  fuses  into  a  mobile  liquid  and  solidifies  into 
a  transparent  amorphous  glass  (sp.  gr.  2*37),  which  before  hardening  acquires  the  pasty 
condition  peculiar  to  common  molten  glass.  Molten  borax  dissolves  many  oxides  and  on 
solidifying  acquires  the  characteristic  tints  of  these  oxides ;  thus  oxide  of  cobalt  gives 
a  dark  bine  glass,  nickel  a  yellow,  chromium  a  green,  manganese  an  amethyst,  ura- 
nium a  bright  yellow,  &c.  Owing  to  its  fusibility  and  property  of  dissolving  oxides, 
borax  is  employed  in  soldering  and  brazing  metals.  Borax  frequently  enters  into  the 
composition  of  strass  and  fusible  glasses. 

*  We  may  mention  the  following  among  the  minerals  which  contain  boron :  cal- 
cium borate,  fCaO)5(B.203)(H.20),j,  found  and  extracted  in  Asia  Minor,  near  Brusa; 
horacite  (stassfurtite),  (MgO)6(B205)g,MgC1.2,  at  Stassfurt,  in  the  regular  system, 
large  crystals  and  amorphous  masses  (specific  gravity  2*95^,  used  in  the  arts: 
ercmieffi.te  (Damour),  AlBO.^  or  A1.20.'3203»  found  in  the  Adulchalonsk  mountains  in 
colourless,  transparent  prisms  (specific  gravity  8*28)  resembling   apatite;   datholitB^ 


mav  be  discovered  by  meaas  of  the  green  coloration  whioh  it  com- 
municates to  the  flame  of  alcohol,  whioh  is  capable  of  dissolving  free 
boric  acid.*  Th«  greater  portion  of  the  boron  compounds  employed  in 
the  arts  is  obtained  from  the  impure  boric  acid  which  is  extracted  iti 
Tuscany  from  the  so-ciiUed  niffioni.  In  these  localities,  which  present 
ttie  reinnins  of  volcanic  action,  steain  mixed  with  nitrogen,  hydrogen 
sulphide,  small  (juantities  of  boric  acid,  -ammonia,  and  other  eubstancesj 
i«^uea  from  the  earth.  Boric  acid  may  l>e  contained  in  steam,  because 
it  partially  volatilises  with  it,  and  if  a  solution  of  boric  ai-id  be  Imiled, 
the  distillate  will  always  contain  a  certain  amount  of  tills  substance.' 

If  boric  acid  be  introduced  into  an  excess  of  a  strong  hot  solution 
of  sodium  hydroxide,  then  on  slowly  cooling  the  salt  N'aB02,lH,0 
crystallises  out.  This  salt  contains  an  equivalent  of  Ka,0  to  one  equi- 
valent BjOj  (it  is  BXj  with  the  substitution  of  one  X  by  the  radicle 
NaO  and  of  two  X  by  oxygen).  It  might  he  tenned  a  neutral  salt  did 
it  not  possess  strongly  alkaline  reactions  and  easily  split  up  into  the 
alkali  and  the  more  stable  borax  or  biborate  of  sodium  mentioned 

(CiiOMSiOt)iB,Os,H^.  Ab  mach  a*  10  p.c.  of  Ijorie  uiihrdridc  iiojiietiiiiea  <->it«rs  iuLo  tlie 
nmitwiilian  ol  lonmuliDe  and  aiinile. 

'  Tbii  green  cotoratian  it  b«Bt  Hesn  bf  tatdn^  an  alcoholic  H>Latinu  oI  volatile  etbyl 
borate,  which  is  eaaily  obtaiDetl  by  the  action  of  Ixirtin  chloride  oo  ulcoliol. 

*  Holt  it  U  UuU  these  vapours  containiuj;  boiio  acid  are  tormuJ  iu  the  iuterior  o(  the 
earth  u  lit  preaeot  oDkuown.  Doiuaa  sappoeeB  tliat  it  depends  qd  tlie  prewnceof  Aaron 
itilpliiili',  H^  jotherB  think  boron  nitride),  at  a  certain  depth  in  the  earth.  This  bdU- 
BUnw  raa^  be  artificially  prepared  hy  heating  a  mixture  oC  boric  acid  and  ohaicDal  in  a 
utreajo  of  iiarboa  hianlphide  vapour,  and  by  tha  direct  combination  of  boron  and  the 
ra|>oDr  ol  Bulphnr  at  a  white  heat.  Tbe  almoat  non-eryitalhne  compound  B^Sj  thne 
obtainrO  it  aomi^whst  volatile,  has  an  unpleaiiaiit  flmell,  and  ii  very  easily  deconipaaeil  by 
water,  forming  lioric  acid  and  hydroBBu  lulphide,  B^S;  +  yH,0  =  HjOj  +  8H,8.  It  is  sop- 
powd  tluL  a  bed  of  bomn  sulphide  lying  at  a  i^rtaiu  depth  below  the  surface  of  the 
earth  ciinea  into  contact  with  sea  water  which  has  percolated  through  the  upper  etrata, 
becemea  very  hot,  and  gires  steam,  hydrogen  i^alphidu,  and  boric  acid.  Thin  aloo  eiplauia 
tbe  presence  ot  umuionia  in  the  vapuara.  because  the  sea  water  certainly  pasoes  tbrongh 
creiicee  cnntwning  a  certain  amount  of  animul  laatter.  which  are  decomposed  by  tbe 
action  of  heat  and  evolve  ammnnla.  We  have,  however,  only  mentioned  this  hypotbcaia 
tot  tlie  Bake  of  showing  the  possibility  of  accounting  to  a  certain  extent  for  the  evolution 
ot  these  tniues  from  cievicBH  in  the  earth.  There  are  several  other  hypotheses  for  ex- 
pkining  (be  preseuoe  of  the  Tapoors  of  boric  acid,  but  owing  to  tlie  want  of  other  known 
locialitie*  (he  comparison  of  these  hypotlieses  is  at  present  hardly  possible.  The 
amoDnt  of  boric  anhydride  in  the  vaponrs  which  escape  from  the  Tuscan  fumerolles  and 
■nlEoni.  as  they  are  temxedby  tbe  ltalianB,isveryinconBiderabl«,  less  than  one-tenth  p.c, 
and  therefore  tbe  direct  extraction  of  the  acid  would  be  very  ucecononiical,  hence  tha 
heat  contained  in  the  discharged  vapours  is  made  use  of  for  evaporating  Ihe  water.  This 
i<  druw  in  the  following  manner.  Reservoirs  ara  constructed  over  the  orevicea  evolving 
111*  TajHiani,  and  the  water  of  some  neighbonrlug  spring  is  passed  into  tliom.  The 
vapnura  are  caused  to  pass  tlirougb  these  reaervoirs,  and  in  so  doing  they  give  np  all 
tlieir  boric  acid  lo  the  water  and  heat  it.  so  that  after  about  twenty-four  honrs  it  even 
boils;  stitt  this  water  lonna  only  B  very  weak  soluliou  of  boric  acid,  Tliis  aolution  is 
theu  pUMd  ints  lower  basms  and  again  satanted  h;  the  vapour*  discharged  from  ths 


i'vapornted  by  the 
density  of  10' uid  11°  Bmimp.  It  is 
id  cr^^BtidliiieH,  yielding  (not  quite  pore) 


Id  tbese  vetsela,  wbich  lire  i 
1  DBcapiug  from  tbe  enrth,  and  sttiiinB  n 
allowed  to  nettle  in  the  ceaBel  c,  in  which  it  cools  > 
oryat&Uine  bono  ftcid. 

>  A  solution  of  bomx,  ^Ji^jB^Oft  bita  an  Blkuline  [eaction,  decamposes  annnoniii  saltx 
with  the  libentinn  o[  ammonia  (Bolley),  nbeorba  cnrbonic  onbydi-ide  like  on  alkali,  dis- 
■olvea  iodine  like  an  alkali  (GwrgiewitKh),  uid  leemi  to  be  decomposed  by  water. 
Thus  Boss  iibowed  that  strong  solutionsi  ot  borax  give  a  precipitate  of  Bilver  borate  with 
ailvet  uitrate,  whilst  dilnle  •nlation*  precipitate  silver  oxide*,  like  an  alkali.  Genrgie- 
witsch  ereit  supiKiiea  (I8S8|  boric  anhydride  to  be  entirely  void  of  acid  properties,  for  iJl 
acids,  on  acting  on  a  mixture  til  solutions  ot  polaaaium  iodide  end  lodate,  evolve  iodine, 
but  boric  acid  does  not  do  this.  With  dilute  solntions  of  sodium  bydmxide  Berthelot 
obtained  a  derelopment  of  heat  equal  to  111  thousand  calories  per  equivalent  of  alkali 
(10  granw  eodiara  bydroijdo)  ivhen  tbe  ntio  Nn.jO  :  aB^O.'^  (as  in  borax)  was  taken,  and 
only  1  thoniand  aalorlas  when  tha  ratio  was  NajO  :  B.,0].  whence  he  concladea  that 
'  water  powertully  decompnios  tl)piD  (odium  borates  in  which  there  ia  more  alkali  than  in 
borax.    Laureut  (IttlU)  obtained  a  sodium  compound,  MaiO,«B,Oj,10H,0,  containing 
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Iiylrnehloric  acid,  conuuon  suit  and  a  normal  crystalline  hydrate  of 
boric  and  are  formed.  The  composition  of  lliis  hydrate  is  B{HO)j, 
according  to  the  form  BXj— that  is,  of  the  composition  B.jO^,3HjO. 
This  is  the  easiest  method  of  obtaining  pure  boric  acid.  The  water 
ifl  easily  expelled  from  this  hydrate  ;  it  loses  half  nt  100°  and  the 
remainder  on  further  heating,  after  which  the  boric  anhydride  foses 
(at  580°,  according  to  Carnelley),  forming  at  firata  ductile  (easily  ilmwu 
out  into  threads),  teniiciuus  mass.  Tlie  residual  Irai'ic  anhydride  or 
trioNide  of  lioron,  BjO.i,  forms  a  colourless  liquid  when  fused,  which 
solidifies  into  a  transparent  glass,  which  attracts  moistm-e  from  the 
ntuosphere  and  then  becomes  cloudy."  Only  the  alkaline  salts  of 
boric  acid  are  soluble  in  water,  but  all  borates  are  soluble  in  acids, 
owing  to  their  easy  decora posahility  and  the  solubility  of  Itoric  acid 
itself.  Although  boric  anhydride,  B/),,  absorbs  .^H/)  from  damp  air, 
still  in  the  presence  of  water  it  always '^  combines  with  a  less  quantity 

Iwioe  ■>  mocli  boric  auhydride  »  bonx,  by  boiling  a  mistnpe  nt  bonw  with  an  eqaivBlaQt 
qiiiutlilj'  iif  ul-nmiDoniu  atitjl  Uio  erolotirw  of  »inriviiiia  Hottre!]-  coued. 

Hence  it  is  endsnt  tliat  feeble  &cids  ace  as  prone  to,  and  u  easil;,  form  acid  talta 
Hint  is,  aalU  containing  much  uiid  oxide)  as  feeble  bases  are  to  ^ve  basic  t&ltB,  Tbeea 
lelaliuna  hecooie  still  dearer  no  an  acqnatntuDce  with  snob  feeble  acids  as  silidc,  mo- 
Ifbdip.  Sio.  This  Tariety  of  the  propoilions  in  which  bnses  are  able  In  form  suite  rorslls 
eiacll;  tlio  mrieljr  of  the  proportionti  in  which  water  lorabincs  with  crysUHo -hydrates. 
But  Uie  want  of  niflicient  data  in  the  itady  of  thete  relatione  does  not  yet  permit  of 
Ihflir  bebift  geneniliRcd  nnder  any  common  laws. 

With  respect  lo  the  feeble  aaid  energy  o(  boric  anhydride  I  think  it  nsefnl  to  add  the 
followinc  remnrki.  Cirbontc  anhydride  is  absorbed  by  a  solntiun  of  bomi,  and  dis- 
plaoe*  borif  anhydride ;  bpt  it  is  alao  displaced  by  it,  not  onlf  on  fusion,  but  also  on 
wlution.  aa  the  preparation  of  borax  itwlf  show*.  Snlphuric  anhydride  is  absorbed  by 
boric  aeid,  lunoing  a  compouni]  BIHSO,);,  where  USO,  is  the  radicle  of  snlphnric  acid 
(D'AIly).  With  phosphoric  acid,  boric  acid  forms  a  stable  compoond,  BPO„  at 
B,OtJ>jOg,  nndecompocsble  by  water,  as  Qustnvson  and  others  have  shown.  With 
KspacI  to  taHsric  acid,  bone  anhydride  is  able  to  play  the  same  part  as  antimonions 
oiide.  Maiinitol.  glycerol,  and  like  piilyhydric  alcohols  also  seem  able  to  form  parti- 
enlarly  characteristic  compounds  with  boric  anhydride.  All  these  sspecti  of  the  sabject 
ra<|ain>  still  fnrther  eiplanation  by  a  method  of  fresh  and  detailed  research. 

•  Dltte  determined  the  sp.  gr.  :— 


B.;0, 


Solub 


1H7M 


1W7B 


393 


;c-83 


Tbe  Isst  linn  iriTes  the  solubility,  in  gr«mii,  of  boric  acid,  6|0Ht],  per  lOa  c.c.  of  water, 
bI*i  (ccording  totfae  determinations  ofDitte. 

'  It  is  evident  that,  in  the  presence  of  ba^ic  oxides,  water  competes  with  tbem,  which 
lacl  in  all  iirobability  determine*  both  the  amount  of  water  in  the  said  of  boric  acid  ■■ 
wellai  Iheir  decooiposttion  by  an  exce»  of  water.  The  fneble  ealt-forming  properties  of 
bnrio  acid  very  closely  resemble  the  similar  properties  of  water  itself.  Tn  eonflrmalion 
of  the  slmve-mentioned  competing  action  between  water  and  hanes,  I  think  it  nselul  to 
p"int  mil  that  the  crystalln-bydrate  of  borax  containing  GH^O  is  composed,  like  B(HOIi, 
nrmlier  likeBj(OH)o,  with  the  nbatitntion  of  one  of  hydrogen  hf  aodinui,  becatu* 
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of  baBRK  (bnrax  only  contains  ^).  Howevt 
forms  a  crystalline  compound  with  inagnesiut 
liydrate  (MgO)3BjO,  (Ebeimann),  and  eve 
(NftiO),Bi03  or  NajBOj  (Benedict).     As  a,  r 


r,  fustd   boric  anhydriile 

of  the  same  tyi«  as  the 

with   sodium   it   forms 

lie,  the  salts  of  Itoric  acid 


contain  less  base,  although  they  are  all  able  to  form  saline  compounds 
with  bases  when  fused.  Generally,  glassy  fluxe*  are  fnrmed  by  this 
means,"  which  when  fused  recall  ordinary  aqueous  solutions  in  many 
respects.  Some  of  them  crystallise  on  solidifying,  and  then  they  have, 
like  salts,  a  delinite  composition.  The  property  of  boric  anhydride  of 
forming  higher  grades  of  combination  with  Iiasic  oxides  when  fused 
explains  the  power  ot  fused  boras  to  dissolve  metallic  oxides,  and  the 
remarkable  experiments  of  Ebeimann  on  the  preparation  of  artificial 
crystals  of  the  precious  stones  by  means  of  boric  anhydride.  Boric 
anhydride  ia,  although  difficultly,  volatile  at  a  strong  heat,  and 
therefore  if  it  dissolves  an  oxitle,  it  may  be  partially  driven  off  from 
such  a  solution  by  prolonged  and  powerful  ignition  ;  in  n-hich  case  the 
1  solution  separate  out  in  a  crystalline  form,  and 
s  those  in  which  they  occur  in  nature — 
la,  which  by  itself  fuses  with  difficulty, 
manner.  Tt  dissolves  in  molten  boric 
natural  rhombohedric  crystals.  In  this 
—that  is,  a  compound  of  magtie»;ium 
with  in  nature." 


oxides  previously 
frequently  in  the  same  forms  i 
for  example,  ciystals  of  alumi 
have  been  obtained  in  this 
anhydride,  and  separates  out  ii 
way  Ebeimann  also  obtained  g/iinel- 
and  aluminium  oxides  which  ia  naet 


Nli,B,0,,5H,0  -  2B.,(0H\,(0Na).  As  the  water  n'fai  h  isbeld  in  this  nalt  is  cn«ily  purled 
with,  GO  olgii  tliu  water  ot  the  bydrete,  BtUO);,  is  enaily  parted  ivitli,  nod  in  this 
reB|iHCt  rBsembles  wster  of  crystttllisalion.  Thcae  rBltttions  between  botic  acid,  w>l«r, 
uid  banes  dre  In  ■  certsii  eitent  expresand  by  the  phemonenDn  that  moltea  boric 
rnihydride  dissolves  hues,  and  It'ives  them  behind  in  paBsing  into  viipour. 

*  A  glssii  Mn  only  be  formed  by  Ihoae  little  ToUtile  oiidea  which  corroapond  with 
feeble  acids,  like  silica,  phosphoric  uid  boric  unhydiides,  iic~,  which  tbenitielvcs  gh'e 
glusy  rawteii,  lilte  qnaitz,  glacial  phosphoric  acid,  and  bone  anhydride.  They  are  able, 
like  aqoeons  eolDtinnti  and  like  metallic  «.iloys,  to  solidity  either  in  im  anioriihoaE  lorm 
or  to  yield  lor  even  be  wholly  converted  into)  definite  crystalline  componnds.  Tliis  view 
itluatrates  the  position  ot  solations  amongst  the  other  chemical  compounds,  and  allnwa 
all  alloys  to  be  regarded  trom  the  aspect  of  the  common  Isn-s  ot  chemical  reactions.  I 
tberetore  have  frequently  recnrred  to  it  in  this  work,  and  introduced  it  since  the  year 
1860  into  varions  provinces  ot  chemistry. 

'  II  boric  acid  ia  its  aqneons  solotioDB  proves  to  bo  exceedingly  teeble,  onenergetio, 
and  easily  displated  from  its  salts  by  other  acida,  yet  in  an  njihydroas  state,  as  uihfdride, 
it  HihibitB  the  properties  of  an  energetic  acid  oiide,  and  it  displaea  the  anhydrides  of 
other  acids.  This  naturally  does  not  signify  that  the  acid  Ibun  acquires  nev  chemioal 
properties,  bnt  only  depends  on  the  tact  that  the  anhydrides  of  the  majority  of  acids  are 
mnch  more  volatile  than  baric  anhydride,  and  therefore  the  salts  ot  many  acids — even  ot 
anlphnrio  acid— are  decomposed  when  tueed  with  boric  anhydride. 

By  itself  boric  acid  is  used  in  the  arts  in  smull  qnanlily,  chiefly  for  the  preservation 
ot  meat  and  fish  (whieli  must  be  aflerw&rds  wtll  wnshed  in  wuterl  and  of  milk,  and  for 
Making  the  wlcka  of  stearin  candles ;  the  latter  iipi.litation  is  based  on  the  (act  that  the 
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Free  horon  waa  obtained  (IPOil)  by  Davy,  Gay ■Lussae,  and  Thenard 
when  they  obtained  the  metals  of  tlie  alkalis,  because  boric  anhydride 
when  fused  with  sodium  gives  op  its  oxygen  to  the  sodium,  and  free 
boron  is  liberated  ns  an  nmorphmig  powder  like  charcoal.'"  It  is  of  a 
brown  colour,  and  when  dry  does  not  alter  in  the  iiir  at  the  ordinary 
temperature  ;  but  it  bums  when  ignited,  and  in  so  doing  combines  not 
only  with  the  oxygen  of  the  air,  but  also  with  the  nitrogen.  However, 
the  combustion  ia  never  complete,  because  the  I)oric  anhydride  formed 
on  the  surface  covers  the  remaining  mass  of  the  boron,  and  so  pre- 
serves it  from  the  action  of  the  oxygen.  Ac-ids,  even  sulphuric  and 
phosphoric,  easily  oxidise  amorphous  boron,  especially  when  l.ented, 
convening  it  into  boric  acid.  Alkalis  have  the  same  action  on  it,  only 
in  this  case  hydrogen  is  evolved.  Boron  decomposes  steam  at  a  red 
heat,  also  with  evolution  of  hydrogen.  Amorphous  boron  also  easily 
and  directly  combines  with  the  metals,  and  with  sulphur,  chlorine,  and 
nitrogen  iit  a  red  heat. 

Amorphous  boron,  like  charcoal,  dissolves  in  certain  molten  metals. 
The  property  of  fused  aluminium  of  dknulmnij  boron  in  considerable 
qnanlity  is  very  striking  ;  on  cooling  such  a  solution  the  boron,  par- 
tially combined  with  the  aluminium,  separates  out  in  a  crystalline 
form,  and  its  properties  are  then  exceedingly  remarkable.  The 
crystalline  boron  may  be  obtained  by  heating  (to  1  liOO")  the  pulverulent 
boron  with  aluminium  in  a  well-closed  crucible,  the  access  of  air  Iteing 
prevented  as  far  as  possible.  After  cooling,  crystals  are  observed  on 
the  surface  of  the  aluminium,  aad  may  easily  be  separated  by  dissolving 
the  aluminium  in  hydrochloric  acid,  which  does  not  act  on  the  crystals. 
The  sp,  gr.  of  the  crystals  is  2'68  ;  they  are  partially  transparent,  but 
are  mostly  coloured  dark  brown  ;  they  contain  about  4  p.c.  of  carbon 
And  up  to  T  p.c.  of  aluminium,  so  that  they  cannot  be  counted  as  pure 
boron.     Nevertheless,  the  properties  of  this  crygtallhie  suhstance,  which 


wicIei,  whirh  are  made  ot  cotton  twist,  eontniu  an  ash  wlik-li  in  infusible  by  itself  but 
wbieh  fniHi  when  mixed  with  liorjc  acid, 

'"  Amorphoti*  boron  is  prepsred  hy  mixing  100  paita  o[  powdered  barip  •nhj'driile 
with  50  put*  of  Bodium  in  small  Inmps ;  thie  miitore  is  throim  Into  %  powHrtuUy -heated 
oul-itan  cjTiciblo,  covered  with  ft  luyer  of  ignited  salt,  nnd  the  cmciUe  covered. 
Beaetkui  (Jioeeed*  rapidly;  the  mB»e  is  Blirred  with  ui  irnn  rod,  nnd  poured  directlj  into 
mlm  DontkininK  hydroehloric  acid.  The  action  ia  nBtnroUy  lununpanied  bj-  the  lunnii' 
lion  o(  »odiqm  borate,  which  is  diasolved,  togediar  with  the  suit,  by  the  water,  whilst  Uia 
boton  Httin  at  Ibe  bottom  of  the  rcaael  oa  on  iuGolnble  pnwder.  It  is  washed  iu  water, 
and  dried  «»  the  ordinary  tempemtnre.  Magneainm,  and  etbu  thorcoal  and  phosphoruB, 
■te  obo  able  to  leducp  baron  (lom  its  oxide.  Boroo.  in  the  farm  of  an  omorphons  powder, 
very  easily  paaoes  throuith  filter.piper,  rom&ins  saspendeil  iu  water,  and  colonrs  it 
bmvp,  so  that  it  is  couaidered  solable  in  water.  Sulphur  precipitated  from  solulious 
■bow*  the  same  (ooUoidal)  property. 


64  PRINCIPLES  OF  CHEMISTRY 

was  obtained  by  Wohler  and  Deville,  are  very  remarkable.  It  most 
closely  resembles  the  diamond  in  its  properties — in  fact,  these  crystals 
have  the  lustre  and  high  refracting  power  proper  to  the  diamond  only, 
whilst  their  hardness  competes  with  that  of  the  diamond.  Their 
powder  polishes  even  the  diamond,  and,  like  the  diamond,  scratches  the 
sapphire  and  corundum.  Crystalline  boron  is  much  more  stable  with 
respect  to  chemical  reagents  than  the  amorphous  variety,  and  as  it 
resembles  the  diamond,  so  amorphous  boron,  on  the  other  hand, 
distinctly  recalls  certain  of  the  properties  of  charcoal  ;  thus  a  certain 
resemblance  exists  between  boron  and  carbon  in  a  free  state,  which  is 
further  justified  by  the  proximity  of  their  positions  in  the  periodic 
system. 

Among  the  other  compounds  of  lx)ron,  those  with  nitrogen  and  the 
halogens  are  the  most  remarkable.  As  has  been  mentioned  above, 
amorphous  boron  combines  directly  with  nitrogen  at  a  red  heat.  If 
amorphous  boron  be  heated  in  a  glass  tube  in  a  stream  of  nitric  oxide, 
then  perfect  combustion  takes  place,  SB  +  SNOsssBjOg  +  SBN.  If  the 
residue  be  treated  with  nitric  acid,  the  boric  anhydride  dissolves,  whilst 
the  boron  nitride  remains  ^  ^  as  an  extremely  light  white  powder,  which 
is  sometimes  partially  crystalline  and  greasy  to  the  touch,  like  talc.  It 
is  infusible  and  unchanged,  even  at  the  melting-point  of  nickel.  In 
general,  it  is  remarkable  for  its  great  stability  with  respect  to  chemical 
reagents.  Nitric  and  hydrochloric  acids,  as  well  as  alkaline  solutions, 
and  hydrogen  and  chlorine  at  a  red  heat,  have  no  action  on  it.  When 
fused  with  potash,  it  evolves  ammonia,  and  when  ignited  in  steam  it 
also  yields  ammonia  :  2BN  +  3H20  =  B203  +  2NH3.'2 

No  less  remarkable  is  the  compound  of  boron  with  fluorine — boron 

fluoride^  BF3.     It  is  produced  in  many  instances  when  compounds  of 

boron  and  of  fluorine  are  brought  together.^*     The  most  convenient 


1^  At  first  boron  nitride  was  obtained  by  heating  boric  acid  with  potaRsiam  cyanide, 
or  other  cyanogen  compounds.  It  may  be  more  simply  prepared  by  heating  anhydrous 
borax  with  potassium  ferrocyanide,  or  by  heating  lx>rax  with  ammonium  chloride.  For 
this  purpose  one  part  of  borax  is  mixed  as  carefully  as  possible  with  two  parts  of  dry 
ammonium  chloride,  and  the  mixture  heated  in  a  platinum  crucible.  A  porous  mass  is 
formed,  which,  after  crushing  and  treating  with  water  and  hydrochloric  acid,  leaves 
boron  nitride. 

1*  When  fused  with  potassium  carbonate  it  forms  potassium  cyanate,  BN-f-K^COj 
ssKBO^-^KCNO.  All  this  shows  that  boron  nitride  is  a  nitrile  of  boric  acid,  BO(OH) 
-f  NHs — 2H20«=^BN.  The  same  is  expressed  by  saying  that  boron  nitride  is  a  compound 
of  the  type  of  the  boron  compounds  BX5,  with  the  substitution  of  Xj  by  nitrogen,  as  the 
trivalent  radicle  of  anMnonia,  NH5. 

*5  Boron  fluoride  is  frequently  evolved  on  heating  certain  compounds  occurring  in 
nature  containing  both  boron  and  fluorine.  If  calcium  fluoride  is  heated  with  boric  anhy> 
dride,  calcium  borate  and  boron  fluoride  are  formed,  and  the  latter,  as  a  gas,  is  volfttilised : 
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metlkfxl  of  preparing  it  is  by  heating  ft  mixtui-e  of  calcium  flaoride 
with  Iwric  atihydride  and  sulphuric  acid,  3CaFj  +  B303  +  3HjS04 
=  3CiiSO,  +  3H,0+2BF3.'*  It  is  a  colourless  liquefiable  ;/ng  (the 
li<|uid  boils  at  — 100°),  which  on  coming  into  contact  with  damp  air 
fnnns  white  fumes,  owing  to  its  combining  with  water.  One  \-olurae 
of  water  dissolves  as  much  as  1050  volumes  of  this  gas  (Baaaroff), 
forming  a  liquid  which  dLsengages  boron  fluoride  when  heated,  and 
which  distils  over  unaltered.  Boron  fluoride  chars  organic  matter, 
owing  to  its  taking  up  the  water  from  it,  and  in  this  respect  it  acts 
like  sulphuric  acid. 

The  behaviour  of  boron  fluoride  with  water  must  be  understood  aa 
a  reversible  reftction,  because  with  water  it  yields  hydroHuoric  and 
boric  acids,  whilst  they,  acting  on  one  another,  re-form  boron  fluoride 
and  water.  A  state  of  equilibrium  is  set  up  between  these  four  suh- 
stonces  (and  the  two  reversible  reictions),  which  is  distinctly  dependent 
on  the  mass  of  the  water."''  "When  boron  fluoride  is  in  great  excess, 
then  the  equilibrated  system,  which  is  capable  of  distilling  over  (sp.  gr. 
of  the  liquid  1-77),  has  a  composition  BFs,2H;0  (or  BaO„HjO,6HF). 
It  has  also  its  corresponding  salts.'*  It  is  a  caustic  liquid,  having  the 
properties  of  a  powerful  acid  ;  but  it  does  not  act  on  glass,  wliich  shows 
that  there  is  no  free  hydrofluoric  acid  present.  Under  the  action  of  water 
this  system  changes,  with  the  formation  of  boric  acid  and  hydroboro- 
flnoric  acid  (HBF,),  according  to  the  equation  4BF.jH,Oj=3HBF,+ 
BHjOj-|-5H,jO.'^     This  hydroborofluoric  acid  has  its  corresponding 


9B^.i-*-3CdF,  +  9BF]  +  CiIjB,Oii.    The  culciam    borste,   howerer,   reUina   a   Mrtaln 
uuonnt  of  coJcium  fluoride. 

"  Tbo  iJecampoBitioii  shonld  not  be  MtrriBti  or  in  g-liLBs  lesuela,  Bfhich  contain  ailirs 
lin  order  to  mvoid  the  formation  of  lilicon  fluoride),  but  in  lead  or  platinnm  vesEeln. 
Baron  Baoride  by  itwif  doen  not  corrode  gloAa,  but  the  hydroflnorio  acid  liberated  in  the 
mwlien  mny  bring  a  p^'t  of  the  Bilic*  into  reaction.  Boron  Suorida  shonld  be  colleoted 
over  mercury,  u  water  acta  on  it,  u  we  sliall  aee  afterwards. 

'»•  It  Biipearato  me  tliBt  from  this  point  of  Tiew  it  ia  poaaible  to  nnderatand  the 
appanmUf  contrndiotory  rMoltaof  different  iovestigatars,  eapecially  tluwe  of  Qaj-Iiunaaa 
(and  Thenard),  Davy,  Berzelina,  and  BazamS, 

1^  They  are  called  Bnoboratea.  Tbey  may  be  prepared  direetly  from  fluorides  and 
borate*  Snch  componnda  o(  halogenn  with  oxyiten'  aalta  are  known  in  nalnre  (for 
tnatatiuc,  a|«tite  and  boracite),  and  may  lie  artificially  prepared.  The  compoaition  al 
the  fluolwatee— for  example,  K,BP.,Oj— mpy  fco  e>preaied  as  that  of  a  dnnble  salt 
BO(OK).SKP.  If  an  eiceea  of  water  desomposea  them  (Baurofl).  thia  doe*  not  aignilj 
that  they  do  not  enat,  beoaaae  many  double  aalta  are  decompoaed  by  water. 

)*  Flooborio  acid  contuina  boron  llDoricle  and  water,  hydroflaoborie  acid,  boron 
flnoride,  and  hydroflnorio  arid.  It  ia  erident  that  on  tbe  one  aide  the  competition 
between  water  and  hydroflnorio  acid,  and,  on  the  other  hand,  their  power  to  combine, 
■re  MDoni;  Ihe  foroea  which  act  here.  From  the  fact  that  hydroboroflnoric  acid,  HBP,, 
oui  oaily  eiiat  in  an  aqaeonaeololion.one  mnatccinciade  that  it  forme  a  aomeirbat  atabis 
vytlem  only  in  the  preaenee  ol  JSH^jO. 
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m!^« — for-  \Ti>tfkZi(v^  KBF,.  On  evaporating  the  aqoeoss  scJatkm  this 
fn:f:  skf^A  ^^f^^oiyf^'^^  with  the  evolation  of  hTdrodnoric  mcid,  and  a 
jArtlf-nbtr^yxtJitaiA x^mh oUained:  iHBF, - 5H/J=BJ',H.o04+2HF. 
T>»^  r^filtknt  holutifjtk  ^containing  2BF3,5H/J,  sp.  gr.  1"58),  which  is 
\f\0iriUf:fi\  with  that  fonned  bv  the  evaporation  of  a  solation  of  boric 
a/rid  with  hydrofluoric  acid,  again  onlj  contains  a  compound  of  boron 
HaorirJe  with  water.  Probablj  there  are  Tarioas  other  possible  and 
more  or  leiu  stable  .states  of  eqnilibriam  and  definite  compounds  of 
V/ron  flaoride,  hydroflnoric  acid,  and  water. 

Nothing  of  this  kind  r^ccnrs  with  boron  chloride,  because  hydro- 
chUtric  a/rid  does  not  act  on  boric  acid.  However,  boron  combines 
rlirectly  with  chlorine  at  a  red  heat,  forming  boron  chloride^  BCI3.  The 
Koron  bums  in  the  chlorine,  forming  a  gas  which,  in  a  freezing  mixtare, 
iutnd(!uy>en  into  a  liquid  boiling  at  1 7^,  and  which  gives  up  its  excess 
of  chlorin**,  if  there  >>e  any,  to  mercury.  The  specific  gravity  of  this 
liquid  is  1*35  at  12°.  Boron  chloride  mr.y  also  be  directly  obtained 
from  Ixiric  anhydride  by  the  simultaneous  action  of  charcoal  and 
chlorine  at  a  high  temperature:  B,03  +  3C  +  3Cl,=2BCl,  +  3CO.  It 
is  also  obtained  by  the  action  of  phosphoric  chloride  on  boric  an- 
hydrides in  a  closed  tube  at  200^.  It  is  completely  decomposed  by 
water,  like  the  cbloranhydride  of  an  acid,  boric  acid  being  formed ; 
liimce  it  fumes  in  the  air:  2BCl3  +  6H^O=3BH303  4-6HCl.  Boron 
forms  with  bromine  a  similar  compound,  BBrj,  boiling  at  90**.  The 
vapour  densities  of  the  fluoride,  chloride,  and  bromide  of  boron,  show 
that  i\wy  conUiin  three  atoms  of  the  halogen  in  the  molecule — that  is, 
that  boron  is  a  trivalent  element  forming  BX3. 

Ah  in  the  first  group  lithium  is  followed  by  sodium,  giving  a  inore 
basi(j  ox !(!<!,  so  in  the  second  group  beryllium  is  followed  by  magnesium, 
and  HO  also  in  the  third  group  there  is,  besides  the  lightest  element, 
boron,  whose?  basic  character  is  scarcely  defined,  aluminhim^  A1^27, 
whose;  oxide,  alumina,  has  somewhat  distinct  basic  properties,  which, 
although  not  so  powerful  as  in  magnesium  oxide,  are  more  distinct 
than  in  boric  anhydride.  Among  the  elements  of  the  third  group, 
uluniiniuni  is  the  most  widely  distributed  in  nature  ;  it  will  be  enough 
to  mention  that  it  enters  into  the  composition  of  clay  to  clearly  see  the 
univcirsjil  distribution  of  aluminium  in  the  earth's  crust. 

Alumina  is  so  named  from  its  being  the  metal  of  alums  (alumen). 
Cfnj/^  which  is  so  widely  distributed  and  familiar  to  everybody,  is 
tho  insoluble  residue  obtained  after  the  action  of  water  containing 
carbonic  acid  on  many  rocks,  and  especially  on  the  felspars  contained 
in  sonn*  of  thiMU.  Felspar  is  a  compound  containing  potash  or  sods, 
alumina,  and  silica.     The  primary  rocks,  like  granite,  contain  many 
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similar  compoanda  (nee  Chapter  XVIII.:  Felspars).  Felspar  is  noted 
on  hy  water  containing  carbonic  acid,  all  the  alkalis  (poLiisli  an<l 
ao(Ia),  and  a  portion  of  tlie  silica  passing  into  the  water  us  substAUces 
wliich  are  soluble  and  carried  away  by  it,  whilst  the  alumina  and 
silioft  loft  from  the  felspar  remain  on  tlie  spot  where  the  aolution 
has  taken  place.  This  is  tlie  original  method  of  the  formation  of 
clay  in  its  primary  deposits  among  rocks  along  whose  ci-evicea  the 
atmospheric  water  has  permeated.  SucEi  primary  deposits  often  coutiiin 
a  white  pure  clay,  termed  ifiolht  or  jiorrelain  riay.  But  such  clay  is  a 
rarity,  because  the  conditions  for  its  formation  are  rarely  mot  with. 
The  water  whilst  acting  chemically  on  rocks,  at  the  same  time  destroys 
them  niet:h»nieaUy,  and  carries  otF  the  finely-divided  residues  of  disia- 
tegration  with  it.  Clay  is  most  easily  subjected  to  this  mechanii-al 
action  of  water,  because  it  is  composed  of  grains  of  exceedingly  sniiill 
size  ami  void  of  any  visible  crystalline  structure,  which  easily  re- 
Diain  suspended  in  water.  The  cloudy  water  of  running  mountain 
streams  generally  contains  particles  of  elny  in  suspension,  owing  to  the 
above-described  chemical  and  mei'lianical  action  of  the  water  on  the 
minerals  contained  in  tlie  mountain  rocks.  Together  with  these 
minute  particles  of  clay  the  water  carries  away  the  coarser  components 
on  wliich  it  is  not  able  to  act- — for  example,  splinters  of  rock  matter, 
gmins  of  mica,  quartz,  ttc.  They  were  originally  held  together  by 
those  minerals  which  form  clay.  When  the  water  acts  on  these 
binding  minerals,  a  sandy  mass  Ls  formed  on  which  water  acta  mechani- 
cally with  great  ease,  and  bears  away  the  liiiely-di\'ided  particles  with 
iU  The  cloudy  water  in  which  the  particles  of  clay  and  sand  are 
held  in  suspension  carries  them  to,  and  deposits  them  at,  the  estuaries  of 
rivers,  lakes,  seas,  and  oceans.  The  cof^rser  particles  are  first  deposited 
and  form  sand  and  like  disintegrated  rocky  matter,  whilst  tlie  clay, 
owing  to  its  finely -divided  state,  is  carried  on  further,  and  is  only  de- 
pUBJted  in  the  still  parts  of  the  rivers,  lakes,  ka.  Such  disintegiittions 
of  rocks  and  separations  of  clay  from  :sand  have  been  gradually  going 
on  during  the  millions  of  years  of  the  earth's  eiistenoe,  and  are  now 
proceeding,  and  have  been  the  cause  of  the  formation  of  the  immente 
deposits  of  sandstone  and  clay  now  forming  a  part  of  the  eai-th'a  strata. 
Such  beds  of  clay  may  have  been  transferred  by  current*  and  streams 
(rom  tine  locality  to  an'tther,  so  that  we  must  distinguish  between 
primary  and  secondary  deposits  of  clay.  In  places  these  beds  of  clay 
have,  owing  to  long  exposure  underwater,  and  perhaps  partially  owing 
U>  tbo  action  of  hoit,  undergone  compression,  and  have  formed  the 
rocky  mosses  known  as  cliy  slates  and  schists,  which  s<>mi;timi's  form 
entire  mountains.     Ruodng  slates  belong  to  this  class  of  rocks. 


68  PRlNCirLES  OF  CHEMISTRY 

From  what  has  been  said  above  it  will  be  clear  that  these  deposits 
can  never  consist  of  a  chemically  pure  and  homogeneous  substance. 
All  kinds  of  extraneous  insoluble  matter,  and  especially  sand — that  is, 
fragments  of  rock,  chiefly  quartz  (SiO,) — always  accompany  clay  in  a 
greater  or  less  quantity  and  in  more  or  less  coarse  particles.  But  it  is 
possible  to  considerably  purify  clay  from  these  impurities,  owing  to  the 
fact  that  they  are  the  result  of  mechanical  disintegration,  whilst  the 
clay  has  been  formed  as  a  residue  of  the  chemical  alteration  of  rocky 
matter,  and  therefore  its  particles  are  incomparably  more  minute  than 
the  jmrticles  of  sand  and  other  rock  fragments  mixed  with  it!  This 
difference  in  the  size  of  the  grains  causes  the  clay  to  remain  longer  in 
suspension  when  shaken  up  in  water  than  the  coarser  grains  of  sand. 
If  clay  be  shaken  up  in  water,  and  especially  if  it  be  previously  boiled 
in  it,  and  if  after  the  first  portion  has  settled  the  cloudy  water  be 
decanted,  it  will  give  a  deposit  of  a  very  much  purer  clay  than  the 
original.  This  method  is  employed  for  purifying  kaolin  designed  for 
the  manufacture  of  the  best  kinds  of  china,  earthenware,  &c.  A  similar 
method  is  also  employed  in  the  investigation  of  earths  for  determining 
the  comjHmdon  of  soils  chiefly  composed  of  a  mixture  of  sand,  clay, 
limestone,  and  mould.  The  limestone  is  soluble  in  dilute  acids,  but 
neither  the  clay  nor  sand  passes  into  solution  by  this  means,  and  there- 
foi-e  the  limestone  is  easily  separated  in  the  investigation  of  soils.  The 
clay  is  sepiiniteil  from  the  sand  by  a  similar  method  to  that  described 
above,  and  termed  ievigation.^'* 

^'  Tho  pn>eesi8  of  Irrigation  is  based  on  the  difference  in  the  diameters  of  the  particles 
of  clay  and  sand.  In  deusiity  these  particles  differ  but  little  from  each  other,  and  there- 
fore a  stream  of  water  of  a  certain  velocity  can  only  carry  away  the  particles  of  a  certain 
diameter,  wliilst  the  (^articles  of  a  larger  diameter  cannot  be  borne  away  by  it.  This  is 
duo  to  the  resistance  to  falling  offered  by  the  water.  This  resistance  to  substances 
moving  in  it  increases  with  the  velocity,  and  therefore  a  substance  falling  into  water  will 
only  move  with  an  increasing  velocity  so  long  as  the  weight  of  the  substance  does  not 
e(}ual  the  n*^istance  offered  by  the  water,  and  then  the  movements  will  be  uniform.  And 
as  the  weight  of  the  minute  {mrticles  of  clay  is  small,  therefore  the  maximum  velocity 
att.^intnl  by  them  in  falling  is  also  small.  A  detached  account  of  the  theory  of  falling 
biHlies  in  liquid,  and  of  the  ex|)eriments  bearing  on  this  subject,  may  be  found  in  my  work, 
Concerning  the  Jtiei^istanct  of  Liquids  and  AfToHautics^  lt!<SO.  The  minute  particles  of 
clay  rem  \in  sus>iH«nded  longer  in  water,  and  take  longer  to  fall  to  the  bottom,  and  have 
more  difhouhy  in  dtnug  stx  Hea\'y  particles,  although  of  small  dimensions,  fall  more 
quickly,  tuul  are  lK>me  away  by  water  with  greater  difiiculty  than  the  hghter.  Thus  gold 
and  other  heavy  ores  are  wasdieil  free  from  sand  and  clay,  and  the  coarser  portions  and 
htMvy  i>artic!es  are  left  behind.  A  current  of  water  of  a  certain  velocity  cannot  carry  away 
with  it  |iar tides  of  more  than  a  definite  diameter  and  density,  but  by  increasing  the 
\elocity  of  the  current  a  point  may  be  arrivtHl  at  when  it  will  bear  away  larger  p«rticlea. 
A  dos4'rt)>tii>n  of  apparatus  for  the  observation  of  phenomena  of  this  kind  is  given  by 
Sohvino  in  his  memoir  in  the  Transactions  of  the  Moscow  Society  of  Natural  Sciences  for 
lsi»T.  In  onler  to  be  able  to  accurately  vary  the  velocity  of  the  carrent  of  water,  a 
cylinder  is  employed  in  which  the  earth  to  be  experimented  on  is  placed,  and  wmter  is  in- 


By  treating  clay  witli  strong  sulphuric  acifl,  which  dissolves  tlia 
nluiiiiniti  iu  it  ;  mid  then  clissolving  the  silica  (by  menna  of  an  alkaline 
carlmnate)  cotultined  with  the  alumina  in  the  clay  (but  not  that  which 
occurs  in  the  form  of  sand,  ic),  we  may  form  an  idea  of  the  proportion 
tietweeu  the  component  parts  of  a  clay  ;  and  by  igniting  it  at  a  high 
temperature  we  may  determine  the  amount  of  water  held  in  it.  In 
the  purer  sorts  of  clay  this  proportion  is  about  2SiO,  :  2H/J  :  AljOj. 

tinilnced  through  the  conirBl  batlom  of  the  cjliuaer.  The  nte  1.1  which  the  vater  riiwain 
the  eyllndaT  iril]  Tazy  luicoTdijii;  to  the  qattntity  ai  wtter  tio^iti^  per  onit  dF  time  intn  Ibe 
Tecsvl,  tai  coDseqaenily  particlefl  of  vnrtoQH  nr.«9  will  be  cnrrii^  away  by  the  WAtec 
llnwtDiE  OTOr  the  nppec  td^cs  nf  the  Yeseal.  Schiine  showed  by  direct  eipariment  that  m 
comnt  of  water  b&vinK  ■  velocity  otO'l  ram.  pet  «ecmd  will  carryawny  [autidee  liaving 
•  diuneter  at  not  more  than  0-0076  nun.— that  ia,  only  the  most  minute— with  it  velocity 
r=lf9  mm.  diameter  J.^O-Oll  mm.;  withp  =  0-B  mm,  rf=O-01W  mm,;  with  o  =  lCl  mm, 
il^ttUn  mm.;  with  r=0'S  mm.  ((=0'03roin.;  with»-l  mm.  rf-D-QB  mm. ;  with  i;-=t 
mm.  rf-O-inmm.;  wilh  o-lO  mni.d  =  0-l»7  mm.;  with  0  =  13  mm.d-lflS  mm.;  and 
tbeieture  if  the  cnrrent  does  not  eioeed  one  of  theaa  sekwitien  it  will  only  carrj  away  or 
wub  away  parUclei  having  a  diameter  loaa  than  that  indicated.  Tlie  eand  and  iitlier 
partiijea  mixed  with  the  olay  will  then  remain  in  the  vesfel.  The  vary  niinoLe  imrtieleB 
*>bt&ined  after  levigation  are  all  considered  sa  eJaj,  althai>f<h  not  only  olay  but  other  roctt 
DuUer  may  also  exist  in  it  u  very  fine  jiarticleii.  However,  this  is  very  leldom  the 
etue,  and  iit  reality  the  minute  mod  separated  from  all  clays  has  the  same  composition 
■a  the  pnrest  kindu  at  kaolin. 

The  nlation  between  the  amounts  of  clay  and  sand  in  soils  used  (or  the  cttlti ration  nf 
Iiianta  ja  very  important,  because  a  soil  rich  in  clity  U  denser,  heavier,  slmnlu  up  under 
the  action  of  heat,  and  dose  not  readily  yielil  to  the  plough  in  dry  orwet  weather,  whilst  a 
•oil  rich  in  wiDd  ia  friable,  cmmbling,  easily  ixtrts  with  its  moisture  and  diies  rapiilly,  but 
i«  oiunt«rBtively  eaaily  worked.  Neither  enuuhling  auid  nor  pare  clay  can  be  ngarded 
M  gnoil  BulHi-aliitg  toil*.  The  itiflerenue  in  the  amounts  of  clay  and  sand  in  a  soil  has 
also  a  |mre)y  chemical  signification.  Sand  is  easily  permeated  by  the  air,  liecaaae  tia 
pacliahH  are  not  cloiwly  packed  together.  Hencu  the  chemical  change  of  maniirHs  pnv 
eeada  very  ewuly  in  euidy  sails.  But  oil  the  otJier  hand  such  soils  do  not  relain  the 
nutriUous  principles  containad  in  the  manare,  nor  the  water  necessaty  for  tlie  nuurish- 
mant  nf  plants  by  means  nf  llieit  roots.  Solnlions  of  nutritious  labstancea,  containing 
«lU  of  potassium,  phosphoric  acid,  A.'c.,  when  piuaed  tbiDOgh  aand  only  leave  a  portion 
inoisti  uing  the  surface  of  its  particles.  The  sand  has  only  to  be  washed  with  pure  water 
and  all  the  aitharing  portions  of  solution  arc  washed  away.  It  is  not  so  with  clay.  If  the 
abova  aolu^ns  be  passed  through  a  layer  of  clay  the  retention  of  the  nutriti^'c  substances 
(J  these  solutions  will  be  very  vigorous;  this  is  partly  baoaose  of  the  vast  surfiLre  which 
ih*  minute  particles  ol  clay  oipose.  The  nutritive  elements  dissolved  in  water  lus 
ntaiiwl  by  the  particles  of  clay  in  a  peculiar  ninnner-  that  is,  the  abforptive  power  of 
olay  is  very  great  compareil  to  tliat  of  Hand— and  this  has  a  great  significance  in  the 
cconnmy  of  nature.  It  is  ovid^t  that  for  cnltivation  the  mont  convenient  soils  in  every 
tMpeet  will  be  those  containing  a  definite  mixture  ol  clay  and  sand,  and  indeed  the  most 
(ntile  aoiU  hare  this  composition.  The  study  of  fertile  soils,  which  is  so  important  (or 
■  kuowleilge  of  the  natuid  conditions  ol  the  introduction  of  fertilixers,  belongs,  strictly 
■poalrine,  to  the  province  of  agriculture.  In  Rusaia  the  first  foundation  of  a  scientifio 
fortilisaUon  hsa  been  laid  by  Dokuchaefl,  A>  an  example  only,  we  will  give  the  corapo- 
attioBol  four  soil*:  (1)  The  blank  earth  of  the  Simbirsk  Oovcrnment;  (S)  a  clay  soil 
from  the  Smolensk  Ooreroment;  (8)  a  more  sandy  soil  from  the  Moscow  G-overnment; 
and  (1)  a  peaty  soil  from  near  St.  Petersburg,  Tliese  analyses  were  made  in  the  laboratory 
of  the  St,  Petersburg  University  about  1800,  for  the  sake  of  experiments  on  foitilisalion 
{conducted  by  me)  by  the  Imperial  Free  Econonucal  Society.    lOOOO  grams  of  air-dried 
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In  this  case  the  conversion  of  felspar  into  kaolin  is  expressed  by  the 

equation  :  - 

K,0,  Al,03,6SiO,= Al,03,2SiOa+ KA4SiO, ; 

Felspar.  Kaolin. 

the  compound  K20,4Si02  passes  into  solution. 

But  as  a  rule  clays  contain  from  45  to  60  p.c.  of  silica,  from  20  to 
30  p.c.  of  alumina,  and  about  10  p.c.  of  water  ;  and  it  cannot  be 
sup})ose(i  thfit  clays  are  always  homogeneous,  because  they  are 
an  aggregation  of  residues  (of  silico-aluminous  compounds)  which 
are  unacted  on  by  water.  Nevertheless,  clays  always  contain  a  hydrous 
compound  of  alumina  and  silica,  which  is  able  to  give  up  the  alumina 
contained  by  it  as  a  base  to  strong  sulphuric  acid,  forming  aluminium 
sulphate,  which  is  soluble  in  water.  After  this  treatment  the  silica 
remains,  and  is  soluble  in  a  solution  of  an  alkaline  carbonate.^® 

soil  contain  the  following  quantities  (in  grams)  of  substances  capable  of  dissolving  in 
acids,  and  of  serving  for  the  nourishment  of  plants. 

(1)  (3)  (8)  (4) 

XftP 11  5  4  4 

K.,.6 58  10  7  6 

MgO 92  88  19  7 

CaO 184  17  14  11 

I\.05 7  1  7  8 

X  ......  44  11  18  10 

S 13  7  7  6 

Fe.O- 841  155  111  46 

By  choniical  and  meclianical  analysis,  Uie  chief  component  parts  x>er  100  parts  of  air- 
dried  soil  are : 

Clay 40  29  12  10 

Sand 40  67  86  84 

Organic  matter     ...  8*7  1*7  O'O  4*1 

Hygroscopic  water        .        .  6*8  1*8  0'8  1-9 

Wt^ight  of  a  litre  in  grams   .    1150  1270  1850  960 

Tlie  black  earth  excels  the  other  soils  in  many  respects. 

'^  Ever}' one  knows  that  a  mixture  of  clay  and  water  is  endowed  with  the  property  of 
taking  a  given  fonn  when  subjected  to  a  mwlerate  pressure.  This  peculiar  property  of 
clay  renders  it  a  precious  material  for  practical  purposes.  From  clay  are  moulded  and 
manufactured  a  variety  of  objects,  beginning  w^ith  the  common  brick  and  ending  with  the 
most  delicate  china  works  of  art.  This  plasticity  of  clay  increases  with  its  purity.  The 
specific  gravity  of  pure  kaolin  is  2"5. 

When  articles  made  of  clay  are  dried,  the  well  known  hard  mass  is  obtjiined ;  bat 
water  washes  it  away,  and  furthermore,  the  cohesion  of  its  particles  is  not  enflBciently 
great  for  it  to  rt^sist  the  impression  of  blows,  shocks,  &c.  If  sucli  an  article  be  subjected 
to  the  action  of  heat,  its  volume  first  decreases,  then  it  begins  to  lose  water,  and  it 
shrinks  still  further  (with  a  continuous  mass  approximately  by  ^  of  its  linear  measure- 
ment). On  the  other  liand,  a  great  coherence  of  particles  is  obtained,  and  thus 
bunit  clay  has  the  hardness  of  a  stone.  Pure  clay,  however,  shrinks  so  powerfully 
when  burnt  that  the  form  given  to  it  is  destroyed  and  it  easily  forms  cracks ;  such 
vessels  are  also  porous,  so  that  they  will  not  hold  water.  The  addition  of  sand — 
that  is,  silica  in  fine  particles — or  of  chamoite — that  is,  already  burnt  and  crashed  clay 
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Cliiy  is  the  source  from  which  alumiim,  AljOj,  and  the  majority  of 
th£  corapounds  of  aluminium,  are  preptti-ed.  Among  these  compounds 
the  most  important  m-e  the  alums — that  is,  the  double  sulplmtes  of 
potassium  (and  allied  metals)  and  aluminium,  AIK(S0j)j,12H,0.  When 
clay  is  treated  *ith  sulphuric  acid  diluted  with  a  certain  aniount  of 
water,  aluminium  sulphate,  A]2(S04)3,  is  furmed ;  and  if  potassium 
carbonate  or  sulphate  is  addud  to  this  solution,  then  potatih  alum 
if  obtained  in  solution.  The  alums  easily  crystallise,  and  are  pre- 
pared on  a  very  large  scale  at  works  owing  to  their  being  employed 
iu  the  process  of  dyeing.  Alums  are  soluble  in  wat«r,  and,  on  the 
addition  of  ammonia  to  their  solutions,  they  give  hydroin  aliiminti, 
or  ahiminium  hydroi-id-' ,  as  a  wliite  gelatinous  precipitate,  which  is 
insoluble  in  water  but  easily  soluble  in  acids,  even  when  dilute  and  in 
aqueous  soda  or  potash.  The  solubility  of  alumina  in  acids  indicates 
the  basic  character  of  the  oxide,  and  its  solubility  in  alkalis  and  its 
power  of  forming  compounds  with  tliem  shows  the  weakness  of  this 
Iwisic  charact«r  and  the  existence  of  an  intermediate  character  in  it, 
However,  the  feebleat  acids,  even  carbonic  acid,  take  up  the  alkali 
from  such  a  solution,  and  the  alumina  then  separates  out  in  a  precipi- 
tdte  as  the  hydroxide.  It  must  also  be  remembered  as  characteristic 
of  the  salt-forming  properties  of  alumina  that  it  does  not  combine 
with  snch  feeble  acids  as  carbonic,  sulphm-ous,  or  hypochlorous,  6ia. — 
that  is,  its  compounds  with  these  acids  ai'e  decomposed  by  water.  It 
is  also  important  to  mark  that  tha  hydroxide  is  not  soluble  in 
(ujuoous  ammonia. 

Alumina,  A],Oj^that  is,  the  anhydrous  aluminium  oxide — is 
met  wilh  in  nature,  sometimes  in  a  somewhat  pure  state,  having; 
crystallised  in  transparent  crystals,  which  are  often  coloured  by  im- 
purities (chromic,  cobaltio,  and  ferric  compounds).  Such  are  the  ruby 
and  sapphire,  the  former  red  and  the  latter  blue.     They  have  a  specific 

— reoderu  the  msM  inuLpable  of  cnckinE  in  thi>  fumiicfl,  anA  mnflh  more  tietise  and  less 
potouB.  Noverthiilesi.  Bucb  claj  utioleti  (brickB,  earlhenwikre  vosseli,  A:c.)  are  still  ponms 
to  liqnida  jtilni  bving  hnrut,  b«cau»  the  oUy  in  tlie  lartmce  is  anly  bsked  anil  does  uot 
lute,  tn  order  to  otitaio  urtideu  imperrionB  to  water  the  slay  mudt  either  bs  miied  with 
•nbMauiwe  »]iich  form  a  gluuj'  mass  in  the  famace,  permeating  the  cla;  and  filliag  up 
it*  vona,  et  ebie  only  the  surface  of  the  aiijcle  is  coTored  aith  aaoh  a  glaaoy  fusible  aub- 
•tuice.  In  the  first  case  the  purest  kinds  of  clay  gire  what  i«  known  as  ohina,  in  the 
■Hxntd  C4ue  porofllain  or  '  Faience-*  So,  for  instance,  bj  covering  the  surface  of  olay 
artiol«  with  a  layer  of  the  oxides  of  lead  and  tiii,  the  well-known  white  glaie  ie  obtained, 
beoMH  the  oiides  of  these  metals  give  a  white  ^losswhen  fnsedwltb  silica  and  clay.  In 
Uu  prBp«mtioa  of  <^hina,  flnor  spar  and  flnely-gmuDd  nitica  is  mixed  up  into  the  elay ; 
thme  ingredients  give  a  masswiiiah  is  intasible  bat  softiina  in  the  famace,  no  tliat  nil  the 
pajtiolea  of  the  cUjf  ouliorc  in  thia  Hoflened  mass,  which  hardens  on  cooling.  A  glsBe 
cufupHawl  ot  glassy  anlistances,  which  only  fuse  at  a  high  (vmperatore,  is  also  applied  to 
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gravity  4*0,  are  distinguished  by  their  very  great  hardness,  which  is 
only  st'cond  to  that  of  the  diamond,  and  they  represent  the  pumt 
form  of  alumina.  They  are  found  in  Ceylon  and  other  islands  of  the 
Indian  An^liipelago^  embedded  in  a  rock  matrix.  Corundum  is  the 
samo  ahnuina  ciJoured  brown  by  a  trace  of  oxide  of  iron.  A  very 
much  Irti-ger  proportion  of  this  impurity  occurs  in  emery,  which  is 
found  in  orvst^illine  masses  in  Asia  Minor  and  in  Massachusetts,  and 
which,  owing  to  its  extreme  hardness,  is  employed  for  polishing  stones 
and  motals.  In  this  anhydrous  and  crystalline  state  the  aluminium 
oxido  is  a  sul>stance  which  very  powerfully  resists  the  action  of  re- 
agttntH,  and  is  insoluble  both  in  solutions  of  the  alkalis  and  of 
Htrttng  acids.  It  is  only  capable  of  passing  into  solution  after  being 
fuMtnl  with  alkalis.'^  Alumina  may  be  obtained  in  this  form  by  arti- 
iloial  U)cvans  if  the  hydrv>xide  be  ignited  and  then  fused  in  the  oxy- 
hydm^'u  tlauu\  By  mixing  different  oxides  with  the  fused  mass  we 
may  obtain  a  transparent  and  coloured  mass  of  great  hardness,  and 
I't^atMubling  the  natural  varieties  of  alumina'®  in  many  respects. 
Alununa  also  occurs  in  nature  in  combination  with  water — as,  for 
instaniH),  in  the  rather  rare  minerals  hydrargillite  (sp.  gr.  2-3), 
Al/>3,3HiO  =  2A1(H0)3,  and  dia^pare,  ALO;,H^O  =  2A10(H0) 
(sp,  gr.  3*4),  A  less  pure  hydrate,  mixed  with  ferric  oxide,  sometimes 
iKvurs  in  masses  (at  Baux,  in  the  south  of  France),  and  is  termed 
/xi*i,r»>  :  it  contains  Al203,2HiO=Al20(HO),  (sp.  gr.  2  6).  When 
Imuxite  is  ignited  with  sodium  carbonate,  carbonic  anhydride  is 
lilH'nit^l  and  the  alumina  then  combines  with  the  sodium  oxide,  form- 
ing a  saline  compound  of  the  oxides  of  aluminium  and  sodium.  This 
is  t^iken  advantage  of  in  practiwj  for  the  preparation  of  pure  alumina 
compounds  on  a  large  scale,  for  bauxite  is  found  in  large  masses  (in 
the  South  of  France),  and  the  resultant  compound  of  alumina  and 
Sixlium  is  soluble  in  water  and  docs  not  contain  ferric  oxide.  This 
solution  when  subjected  to  the  action  of  carbonic  anhydride  gives  a 
precipitate  of  aluminium  hydnjxide,''*  which  with  acids  forms  aluminium 

1'  The  e£Fect8  of  purely  meclianical  HulxIiviKion  on  ilie  solubility  of  alaminA  iserident 
from  the  fact  that  native  anhydrouH  alumina,  when  converted  into  an  exceedingly  fine 
powder  by  meannof  levigation^dtHH^jlvcH  in  a  mixture  of  strong  sulphuric  acid  and  a  small 
quantity  of  water,  especially  when  heated  in  a  closed  tube  at  200°,  or  when  fused  with 
acid  sulphate  of  potaHsium  i$fe  Vol.  I.  p.  611,  Note  9). 

^^  The  preparation  of  cryMtallistid  alumina  is  given  on  p.  62.  When  alumina,  moist- 
ened with  a  solution  of  cobalt  salt,  is  ignited,  it  forms  a  blue  mass  called  Thenard's  salt. 
This  coloration  is  not  only  taken  advantage  of  in  the  arts,  but  also  for  distinguishing 
alumina  from  other  eartliy  substances  resembling  it. 

'1  Tlio  treatment  of  bauxite  is  carried  on  on  a  large  scale,  chiefly  to  obtain  alumina 
from  alkaline  solutions,  free  from  ferric  oxide,  because  in  dyeing  it  is  necessary  to  have 
salts  of  aluminium  which  do  not  contain  iron.     But  this  end,  it  would  seem,  may  be  also 
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sftlts.  If  aqueous  amiuoina  be  added  to  a  solution  of  alui 
salpliate  a  gelatinous  precipitate  is  formed,  which  at  first  i 
BDspeiidect  in  the  li[|uid,  and  then  on  settling  forms  a  gelatinous  mnss, 
which  itself  indicates  the  collindal  jrrofierly  of  iilinniniviii  hydroxide. 
The  following  points  are  characteristic  of  this  colloidal  state  :  ( I )  in  an 
auhfdroua  state  such  u  colloidal  substance  is  insoluble  in  water,  as 
alumina  is  ;  (2)  in  the  hydrated  sbite,  it  is  gelatinous  and  insoluhli?  in 
water  ;  and  (3)  it  is  also  capable  of  appearing  in  solutions,  fixiiu  which 
it  separates  out  in  a  non-cr}'sta!Hne  state,  forming  a  suhetance  re- 
sembling glue.  These  difl'ereut  states  of  colloids  were  distinguished  hy 
Onihnm,  who  gave  them  the  following  very  characteristic  names.  He 
called  the  gelatinous  form  of  the  hydrate  hydrogel,  \.i.  a  gelatinous 
hy<ln>te,  anil  the  soluble  form  of  tlie  aqueous  compound,  hydroifol, 
from  the  Liilin  for  a  soluble  hydrate.  Alumina  readily  and  frequently 
assumes  these  states.  The  gelatinous  hydrate  of  alumina  ts  its 
hydrogel.  It  is,  as  has  been  already  mentioned,  insoluble  in  wat«r, 
and,  like  all  similar  hydrogels,  shows  not  the  faintest  sign  of  crystal- 
lisation ;  it  easily  varies  in  many  of  its  properties  with  the  amount  of 
water  it  contains,  and  loses  its  water  on  ignition,  leaving  a  white 
powder  of  the  anhydrous  oxide.  The  hydrogel  of  alumina  is  soluble 
in  both  acida  and  alkalis.  It  may  also  be  obtained  by  the  evaporation 
of  its  solutions  in  such  feebly  energetic  acida  as  volatile  acetic  acid. 
These  properties  are  very  frequently  made  use  of  in  the  arts,  and 
Fspecially  in  the  ]>ntce»iie»  o/*  t/yerit//,  because  the  hydrogel  of  alumina 
in  precipitating  attracts  a  number  of  colouring  matters  from  their 
Bolutions,  the  precipitate  being  thus  coloured  by  the  dyes  attracted.^' 

nbttined  bj  jgnitlag  «lniiiiria  caiitniniiig  ferric  oiide  in  >  iitreani  ol  cbloHne  mii«d  with 
bjdToekTbon  v»poiir«,  beciuae  ferric  chloride  Uien  voUtiliBeB.     K.  B»yer  observed  Ihn  in 

■olation  to  1  motiKiile  of  nJaminii,  uid  that  on  ngiUtiD);  thin  solution  (MpwiHlly  in  tbe 
tVMoniw  ol  •omo  iiJraad;  precipititted  ntumiuinm  hydroxide),  abunt  twoUurds  of  llie 
alomink  ia  precipitated,  eo  tbiit  only  1  moleoale  of  aliuuiiu  to  13  molecutes  of  aadiutn 
hjilnuiide  tenuuiiB  in  nolution.  This  hdIuUdd  ia  itTUghtnuy  evKporaled,  and  a)nun  nsed. 
In  th»  ignition  of  «odiuui  carbonate  with  baDi.il«,  the  carbonic  anhydride  i%  only  toin- 
[iletely  lilmisted  when  «  mixture  in  modti  iu  the  r*tio  No^COs  :  Al^Os-  Bui,  in  diaaolv- 
bkg,  it  is  hcAt  to  further  add  1  moteculea  of  aodiam  bjdroxide,  becBDBe  otherwiee  a 
pdrtion  of  the  iliudiiiit  remwuswith  the  ferric  o»de.  The  hydroxide,  whiuh  ujiuulea  from 
Qui  •IkiOine  HDlDtion,  contains  AI(OH)].  All  theiie  relations  bear  n  great  ruKBiublance  tn 
Mbota  of  bi)ric  acid.  Duo  must  imagine  that  (he  rolHtiuii  batweeu  aodiiuu  bydroiide  uid 
(dumina  in  oolntion  varies  with  the  mass  of  water. 

U  lima  be  oddsd  to  a  eolation  of  alumina  in.  alkali  (sndiam  olaminate)  then  oilciuJii 
■JnnunalB  in  precipiUted,  from  which  acids  Ecst  citroct  the  lime,  leaving  aliiminiuui 
hydnuide,  which  is  easily  aolubte  in  odds  (Loutri);).  When  sodium  aluminato  is  uiiial 
•ith  a  luliition  of  oodium  bicarbonate,  a  duable  aarbonute  of  the  alkali  and  aluminium  ia 
precipibatvd,  which  ia  easily  soluble  in  uiids. 

"  Thpac  roloored  precipitates  of  alnminaare  termed  loket,  und  are  employed  in  dye- 
log  tiasnaa  and  in  tha  forJiiSion  ot  Tjrimis  piguienta— juch  aa  poateli.  oil  ooloiuv,  Ac. 
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The  preparntion  of  fixed  d^es  and  the  employment  of  aluminous 
compounda  in  the  processes  of  dyeing  ia  founded  on  this  fact.  When 
precipitated  upon  the  fibres  of  tissues  (cloths,  linens,  Ac.)  the 
aluminium  hydroxide  renders  them  impermeable  to  water  ;  this  may 
be  tHken  advantage  of  for  the  pi'eparatiou  of  waterproof  tisaum. 

In  dye-works  the  aluminium  acetate  is  generally  obtained  in 
solution  by  taking  a  solution  of  alum,  which  is  mi^ed  with  a  solution 
of  lead  acet-ate.  In  this  case  lead  sulphate  is  precipitAted  and  alu' 
minium  acetate  remains  in  solution,  together  with  either  acetate  or 
sulphate  of  potassium,  according  to  the  nmount  of  acetate  of  lead  first 
Uken.  Tlie  complete  decomposition  will  be  as  follows  :  K.Al(SOi)j  + 
2Pb{CjHaO,),=  KC,HjO,  +  A:(C^HaO,),+2Pb80j,  or  the  less  com- 
plete decomposition,  2KAl(SO,)i-i-3Pb(C5H30j)j=-2Al(C3H30,)3-l- 
KjSO,  +  3PbSO,.^3     If  tiie  resultant  solution  of  aluminium  acetate  be 


TliDB,  if  orfittaic  oolonring  mattera,  ench  ft8  logwood,  rondder,  te.,  are  sdded  to  &  Bolntion 
of  Buj  tlutuiiiiuni  salt,  and  tlicn  ui  alkali  is  addod,  su  that  ulumiiu  rnnir  be  predpitittod, 
thexe  pigment*,  wbicb  itre  by  thomselree  soluble  in  water,  will  come  down  witb  the  prc- 
ci)  iUto.  This  (faavB  that  alumina  is  able  to  combine  with  the  colouring  matter,  ^'idthat 
thin  conipouod  is  not  decompoiied  by  water.  The  dyes  then  become  ineoluble  in  water.  If 
a  djre  he  miied  with  Btorch  paste  and  atuminiam  acetate,  nud  thon,  by  means  o(  engrBTed 
blocks  having  a  design  in  reliel,  we  tmnsCer  this  design  to  it  material,  and  the  malerinl 
be  heated,  then  the  aiumiuiuni  Hcetatewill  leave  the hydrogel  at  olnmins  which  binds  the 
colouring  matter,  and  water  will  no  longer  be  able  to  wash  the  pigment  From  the  material 
— that  it,  a  Bo-colhid  '  fiied '  dye  is  obtaiaed.  In  the  case  of  dyeing  a  material  a  nnitorm. 
tint,  it  isfirtit  soaked  inn  solution  of  alii mininm  acetate  and  then  dried,  by  which  meani 
the  acetic  acid  is  driven  off,  while  the  hydrogB)  of  alumlu*  adheres  to  the  fibres  oF  the 
material.  If  the  material  is  Uien  passed  Ihrough  h  solution  of  a  dye  in  water,  the 
former  will  be  attracted  to  the  portions  covered  with  nlomina,  and  clonely  adhere  to  them. 
If  oertain  ports  of  the  material  be  protected  hy  the  application  of  Kna«d,auch  as  tartaric, 
CfHtOa,  oxalic,  oltric,  Sse.  (these  aoida  are  non-voktile),  then  the  alumina  will  be  dissolrert 
in  those  ports,  aud  the  pigment  will  not  adhere,  so  that  after  washing  a  white  deaign 
will  be  obtained  on  those  ports  which  have  been  protected  by  the  acid. 

"  Aa  the  oolt  of  potassium  obtamed  in  the  solution  passes  away  with  the  water  used 
lor  woebing,  and  tiie  salt  of  load  prerapitatod  has  no  practical  use,  this  method  for  the 
preparation  oi  aluminium  acetate  cannot  be  considered  an  economical  one ;  it  is  retained 
in  Uie  process  of  dyeing  mainly  because  both  the  salts,  alum  and  sugar  nf  lead,  employed 
easily  crystallise,  it  being  eaoy  to  judge  their  degree  of  purity  in  this  form.  Indeed,itis 
very  important  to  employ  pore  reagents  in  dyeing,  because  if  impurity  is  present — sacli 
as  a  small  quantity  of  an  iron  compound — the  tint  of  the  dye  changes;  thus  madders  give 
a  red  colour  with  olumlno,  but  if  oxide  of  iron  be  present  the  red  changes  into  a  violet 
tint.  Tbo  aluminium  hydroxide  is  solablo  in  alkalis,  whilst  terrio  oxide  Is  not.  Tbore- 
tore  sodiam  aluminate — that  is,  the  dissolved  compound  of  alumina  in  coustie  endo — 
obtained,  as  has  heen  described,  from  bauxite,  is  sometimes  employed  in  dyeing^  Auother 
direct  method  for  the  preporotion  of  pure  aluminium  compounds  coniusts  in  the  treatment 
of  cryolite  containing  aluminium  flnoridg  together  with  sodium  flaoride,  AlNajF^.  This 
mineral  is  esported  from  Greenland,  and  is  also  found  in  the  Urals.  It  is  crashed  and 
heated  in  reverberotory  furnaces  with  hme,  and  the  resultant  msas  is  treated  with  water  ; 
sodium  aluminate  is  then  obtained  in  solution,  and  calcium  fluoride  in  the  precipitate 
AlN'njFg  +  SCsO^SCaFi-f  AlNojOj.  Every  aluminium  salt  gives  a  solution  containing 
sodium  aluminate  free  from  iron,  when  it  ib  mixed  with  excess  of  caustic  soda.    Thia 
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pvaporated  or  further  boiled,  ttien  the  acetic  acid  passes  off  and  the 
hj'drojjel  of  aluraina  remains. 

I'iie  hyilroaal  of  aluijiina — i.e.  the  BoluUe  aluminium  hydroxide — is 
iDore  (tiliicult  to  obtain."  In  order  to  obtain  this  soluble  variety  o£ 
aluiuinft,  Grnham  took  a  solution  of  its  hydrogel  in  hydrochloric  acid — 
that  ta,  a.  solution  of  uluraiuium  chloride,  which  is  able  to  dissolve  a 
still  further  quantity  of  the  bydrogel  of  alumina,  forniitig  a  basic  salt 
having  jirohably  one  of  the  compositions  Al(HO)Clj  or  Al(HO)jCl. 
"When  such  a  solution,  considerably  diluted  with  water,  is  subjected  to 
dialysis — that  is,  to  diffusion  through  a  nienibrane  ''—  the  hydrochlorio 
iicid  diffuses  through  the  membrane  and  leaves  the  alumina  in  the 
form  of  hydrosol.  The  resultant  solution,  even  when  only  containing 
two  or  three  per  cent,  of  alumina,  passes  into  the  hydrogel  state  with 
such  facility  that  it  is  sufficient  to  transfer  it  from  one  vessel  to 
another  which  has  not  been  previously  washed  with  water,  for  the 
entire  mass  to  solidify  into  a  jelly.  But  a  solution  containing  not 
more  than  half  a  per  cent,  of  alumina  may  even  be  boiled  without 
coagulating  ;  however,  after  the  lapse  of  several  days  this  solution  will 
of  ite  own  accord  yield  the  hydrogel  of  alumina.  The  most  remarkable 
peculiarity  of  Gmliam's  solution  is  that  it  solidities  on  litmus  paper,  and 
leaves  a  bhie  ring  on  it,  which  shows  the  alkaline — that  is,  basic 
— character  of  the  alumina  in  such  a  solution.     If  in  the  dialysis  the 

■olnlion,  Kh<w  miied  viLh  a  solution  of  airunimium  chloride,  give*  H  precipitate  of  tho 
hT<lR«elof  ilnminii:  AI(OH)j  +  3NaHO  +  aNH4Cl-Al(OH},,  +  8NttCl  +  aNHjOH.  There 
ITM  originBtlir  free  anil*,  and  on  tho  addition  of  sal-ammnniu;  there  is  treo  uumouitt.  »nd 
Uiii  doe*  not  disBolve  ■Idriuiil,  therefore,  the  hjdrogel  of  the  latter  is  precipitated. 

••  Cmm  Hist  prepared  »  Bolntion  of  baaia  acetate  of  alumina— that  in,  oaalt  containing 
■■  larse  sa  poesiUoan  excesa  of  aJamininni  hydroiido  with  a*  small  aapoaaihle  aquantiby 
ol  acetic  acid.  The  (olution  mnat  be  dilate — Lhat  iti,  not  contain  more  than  one  part  of 
Alumina  per  200  of  vator — and  if  this  solution  be  heated  in  a  closed  veasel  (bo  that  the 
a«elie  acid  cannot  evaporate)  to  the  boiling  point  of  irater,  for  one  and  atialf  totvrodaTii, 
Ibes  the  aolntion,  vhioh  apparently  lemuna  unidtered,  lo«ea  its  original  astringent  taste, 
pra|ieT  to  solationB  of  all  the  salts  of  ainmina,  and  has  instead  the  parel;  acid  taite  of 
nnegsi.  The  snlDtion  then  no  longer  contains  the  salt,  bnt  acetic  acid  and  the  hjdrosot 
ol  alumina  in  an  nncombiiwd  state  :  they  may  he  isolated  from  each  other  by  evaiiora- 
MBfi  the  acetic  acid  in  ahallow  vtisHls  at  the  ordinary  temperature,  and  with  a  tliin  layer 
of  Uqnid  the  slnuiina  docs  not  separate  aa  a  precipitate.  When  the  acid  Taponrs  cease  to 
eomeuRthereremainsasolDtiou  of  the  bydioaol  of  alominn,  which  is  tasteless  and  has 
DO  action  on  litmDs  paper.  When  concentrated,  this  solntion  a'lquirea  a  more  and  more 
gluey  consistency,  and  when  entirely  eraporated  over  a  water-hathit  leaves  a  non-cr^'stal- 
line  glne-likehydrate.tthose  composition  is  A],H,Oj-Al/>j,aH^.  The  smallest  qnanlily 
of  aUralis,  and  of  many  acids  and  salts,  will  convert  the  hydrosol  into  the  hydrogel  of 
alBmiiut — that  is,  convert  the  alnniininm  hydroxide  from  a  aotnble  Into  an  insoluble 
Innn,  nr,  aa  it  is  said,  canse  the  hydrate  to  coagnlato  or  gelatinise.  The  smallest  amoont 
tt  snlphnric  acid  and  its  aalta  will  canse  the  nluiuina  to  gelatinise— that  ia,  caose  the 
faydiKgel  tu  separate.     Many  snch  oolloidal  sulntiuns  are  known  (Vol.  I.  p-  SB,  Note  M). 

>  In  a  dialyaer,  Vol.  I.  p.  S8,  !)ote  IB. 
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basic  ohloride  be  replaced  by  a  eiinilnr  acetiite,  a  hydroaol  of  alaminft  iM 
obtained  which  does  not  act  on  litmua. 

The  difitM^nt  states  in  which  the  hydrates  of  alumina  occur  and  are 
prepared  resemble  similar  varieties  of  the  hydrates  of  the  oxides  of 
iron  and  chromium,  of  molybdic  and  tungstic  acids,  as  well  as  of 
phosphoric  and  silicic  acids,  of  many  sulphides,  proteid  substtincfls,  J:c. 
"We  aball  therefore  bave  occasion  to  recur  to  this  subject  in  the 
further  course  of  this  work. 

With  respect  to  alumina  as  a  base,  it  is  very  important  to  observe 
that  it  is  not  only  ca[uible  of  combining  with  other  bases  ^  but  that 
it  does  not  give  salts  with  feelde  volatile  acids  (like  carbonic  and 
hypocblnrous)  ;  it  fnniis  salts  which  are  easily  decomposed  by  water, 
especially  when  heated,^'  as  M-ell  as  double  and  basic  salts,'"  no  thai  it 
form*  a  eUar  ej^nmjile  oj  a  /eeble  ha»e.-^  To  these  characteristics  of 
alumina  we  mtist  add  that  it  not  only  gives  compounds  of  the  type 

^  CompiHinilHof  alamiim  with  \mae»  (nlaminateB,  Ms  Nate  SI)  ue  wnnetimeK  met 
witli  in  nature.  Such  ere  spinel  (•»  p.  O-i).  HgO,AL,Os  ^  UgAI^,,  cbrjaolnr]'!, 
BeAl,0,.  and  otiwiB.  UiignBtio  onide  u(  iron,  FeO.FajOj^FejOi,  und  oumpoDnds  liira 
it,  belong  to  tliii  woiie  cIbhh.  Ht're  we  eiidentlj-  Imve  n  cane  ol  uDiubinalion  '  b;  miiUogy,' 
ma  in  BolaUona  and  nllajm  acconi{iuiied  by  the  fonuntiaii  □[  strictly  definite  biline  tuin- 
pnimdH,  and  aach  inalAncee  form  a  clear  trauftilian  from  bo-ciLlled  SDlutiiiua  and  if  rtiun 
mixtdreH  to  Ihtt  type  of  tme  B&lte.  From  thin  napect, which  1  longago  introdafjed,  uionj 
■tdeB  of  chemical  relationa  become  considerably  clearer. 

"  Not  only  alnminium  acetole  (Nolc  24  J,  bnt  aloo  a  very  other  sluniinium  BiJt  with  a  voU- 
tile  ociil,  parCs  with  its  acid  on  heating  on  aqoeaaa  «olalion—  that  la,  is  decompoee<l  by  water. 
Bj  diwiiving  alnminium  liydiuiide  in  nitric  acid  we  may  easily  obtain  a  wcll-cryetalliiing 
aluminium  «.'(r<i*(!,  Al(XO,0n,BH,O,  whieh  fines  at  7a°  without  decomposing  |Ordw«y), 
girea  a  banc  salt,  9Al,Ds.eHM0.i,  at  100°,  and  at  140°  leavea  the  &lDminium  hydroxide 
perfectly  free  Ftdtu  the  elements  of  nitric  acid.  Bat  thesolntioneof  this  salt,  like  those  of 
the  acetate,  ore  aliu>  able  to  yield  aluminiam  Uydnnide.  Frarn  all  this  it  is  eridcnl  that  we 
mast  mppoiH'  the  solutions  of  this  and  like  snltt  to  oontaia  an  equilibrated  dissociated 
Byalem,  contuining  the  salt,  the  Oicid,  and  the  base,  and  their  compounda  with  water,  an 
Well  OS  portly  the  molecnlea  of  water  itaelf.  Such  examples  much  more  clearly  confirm 
those  conceptions  of  sotutiona  which  axe  given  in  the  fi»t  chapter  Ihau  a  general  prelimi- 
nary ftcqusinCance  with  the  subject  can  do. 

■>  Uuy  double  salta.  especially  silicates — like  the  orUioclaiies,  micas,  jrc,  cryolite 
(SMb  23),  Ac — OS  well  as  basic  salts,  axO'  met  with  in  nature,  otid  am  easily  formed  ui  a 
number  of  oasee.  Assn  example  of  nUive  basic  eslts  we  may  cite  alunile.  or  altmi-slone 
(sp.  gr.  Se),  whidi  sometimes  occurs  io  cryBtala,  but  mure  frequently  in  fibrous  masses. 
It  has  been  found  in  masses  in  thoCancii.sua,und  in  %Vesteru  Europe  the  locality  of  ToUa, 
neatBome,  is  known.  Itscompoaitiou  ieK30,8AL,0],4SO^nUjO(aliiminiteoantiunB9H^). 
It  is  soluble  in  water,  but  not  docompoeed  by  it,  bat  alter  being  slightly  ignited  it  gives 
Up  alum  to  it.  It  may  be  artiliciall;  prepared  by  heating  »  mixture  of  alau  with  alumi- 
niam sulphate  in  a  closed  tube  at  3B0°. 

'*  As  tlie  colloidal  properties  are  particularly  sharply  developed  in  those  otides 
(AlgOs,  SiO,.  HoOj,  SnO„  «c)  which  show  (likewater  also)  tlic  properties  of  feeble  huos 
and  treble  acids,  tbere  is  probably  some  oansOil  reason  tor  this  oi^aidence,  all  the  more  to 
as  among  organic  sabstancea — gelatins,  albumins.  &o. — the  reprceentatiVEs  of  llie  cnlloids 
kiso  have  the  prnperty  uf  feebly  oonibining  with  boBes  and  acids  (tco  the  following 
ohapter  on  silica). 
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AlXj,,but  also  the  polymeric  type  Al^Xg,  even  when  X  is  a  simple 
univnWt  haloid  like  ulilorine.  Deville  and  Truost  shuwed  (1857) 
tlmt  llie  vApour  density  of  aluminiuni  chloride  (about  400°)  is  9'37 
with  respect  to  air— that  is,  nearly  135  with  respect  to  hydrogen— and 
therefore  the  weight  of  its  molecule  is  expressed  by  AlgCle,  and  not 
AlClj,*"  although  in  the  case  of  boron,  arsenic,  and  antimony,  which 

">  BincB  Seville's  eiprrimenla  tlie  qaeition  ot  the  dansitj  af  Alnmininm  chlaride  hiw 
ifea  freqnviilly  rwnrrcd  tu.  The  antijecl  bai  more  eEpecinil;  nccaiiied  the  littentioD  of 
Nilton,  Felteninn,  Friedal  aiiil  Crnlta,  itnd  V.  Uejerund  hia  call&btnwtsiiTS.  In  general, 
it  hu  beau  loatid  that  at  low  temperatures  |Dp  to  410")  the  deneity  ja  aonBtant,  uid 
indicatue  a  luuleenle  AlgCI, ;  wbiltt  depoljmieriution  pmbabl;  (althaugh  it  is  not  jret 
tvrtain)  taken  pla4»!  M  bigbei  tempUTBtnrea,  and  tbe  molecule  AJClj  is  obtained.  Along 
with  tbi>  there  hiu  li«en,  and  is  Dov.  a  difference  of  opinioa  ae  to  the  laponr  deiuitjr  of 
alniDiuium  etbyl  aud  methjrl— lor  instance,  as  to  whether  A]|CHi)s  or  A1,(CH]),  eipreawB 
Ibe  molecale  of  the  Utter.  The  interest  of  theiw  reMorches  is  intimately  connected  with 
tbe  i]Deitum  of  tbe  valency  of  alominium,  if  we  hold  to  the  opinion  (which  is  quite 
lureigD  to  the  aatbor  ol  this  work)  that  olenicntR  in  their  coiresponding  compoBnds  have 
a  ouuslAnt  and  strietlj  definite  Talencj.  In  this  cue  the  molecule  AICI3,  or  At<CU,)„ 
would  show  that  Al  ii  trivalent,  and  consequently  the  compounds  of  alnminiam  are 
Al(OH)j,  A10,,A1.  and,  in  general.  AIXj.  Bat  if  the  molecule  be  Al.jCl<.  then  it  in  not 
oompalihle — for  the  followers  ol  the  doctrine  of  the  invarioblc  valency  of  the  elemenlB — 
with  llie  ideia  of  tbe  triraleucy  of  aluminiam.and  they  recognise  it  to  be  qaodriviUcut  like 
ewboo  b;  likening  AliCIs  to  ethane  CjHg'^CE.^CH,,  al  though  thin  did  not  explain  why 
A)  does  Dot  form  AlCl,,  or,  in  general.  AIX^.  Id  this  work  another  representation  is 
intnidaced  and,  according  to  it.  although  alucninium,  as  on  element  oFQioup  III.,  Kive* 
eolsiHniiiile  ul  tbe  type  AIX.^  still  this  does  not  eiclnde  the  possibility  ol  these  molecoles 
mnbinin);  with  others,  and  F>onsBquently  with  each  of  Aitt-— that  is.  forming  AlgXg ;  just 
aa  the  mnlecnles  of  Dnivalent  elements  appeisr  as  H^  or  oa  Na,  and  the  molecules  of 
binlent  elements  as  Zn,  or  as  B„  or  even  Sg.  It  would  be  strange  lo  oak  whether  mercury 
as  vapour  is  nni-  or  bi-ialent?  does  it  cortcBpond  with  HgX,  otHRX^?  Evidently, 
■uithet  one  nor  the  other.  Before  all  it  must  be  seen  that  the  limiting  (onn  does  not 
exhoDst  all  power  ot  combination,  it  only  exhausts  the  capacity  (or  CMmbiuatinn  with  those 
X"*,  but  the  saturated  substance  may  afterwards  combine  with  whule  nutteeultt,  which 
bat  is  bast  proved  by  the  capacity  of  substances  la  form  crystalline  compounds  with 
water,  ammonia,  ice.  But  in  some  substances  this  faculty  for  further  combinations  is 
pol  well  developed  ifor  instance,  carbon  tetrachloride,  CCI,),  and  in  others  mole  so.  AIX, 
oombines  with  many  other  molecules.  If  a  liniitiag  form,  which  does  not  combine  with 
D*w  X's,eombineii.  however, witli  other  whole  nvileculea,  then  it  will  ualundly  in  some 
tnatanoes  combine  with  itoelf,  will  polymeriee.  In  this  manner  the  mind  clearly  graaps 
that  those  forces  which  cause  9,  to  unite  itself  lo  CL,,  or  C]H|  to  Cl^  <tc.,  also  unite  mole- 
culm  nf  a  similar  hind  together;  tbuspoI^mcrtiarHin  ceases  to  bean  imiated  (rngmentory 
[dianiinieDOD,  and  chemical  combinations  'by  analogy  '  receive  a  particular  and  important 
intfrest.  In  conformity  to  these  views  the  following  conclusion  may  be  made  concerning 
the  compounds  of  aluminium.  They  aro  of  the  type  AIX.,  in  the  limit,  like  fiX.,,  but 
tbOMj  limiting  formsare  still  able  tu  combine  to  Torm  A1X:;.RZ,  and  tho  sluniininm  chloride 
ia  a  compomid  ol  this  kind— !.(>.  (AIXj),.  In  baron,  in  BCIj,  this  faculty  tn  form  further 
mmponnda  ia  lesa  ilereloped.  Hence  it  appears  as  BCI.i,  and  notfBCIil^  This  is  clearly 
pnnwl  in  reality.  We  shall  see  that  aluminiam  chloride  gives  a  conipoand  with  many 
oUiei  chlur^nbydrides.  CulymeruuitiDn  is  not  only  poeaihle  when  a  subalsDce  has  not 
allainad  the  limit  ioltbough  it  is  more  probable  tben),  but  aim  when  the  limiting  form  has 
bnn  formed,  if  only  tbe  Ultrr  ha*  tbe  faculty  ol  combining  with  other  whole  molecnles. 
TbeietuM  we  mav  conclude  that  aluminium,  like  boron,  is  trivalent  il  lithium  and  sodium 

I  univalent,  magnesium  bivalent,  and  carbon  (atraraleul.    In  a  word,  there  ia  no 
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xire  Qxiiies  ^,0^  o^  the  same  compositiDQ  as  Al^Oj,  the  chlorine 
ciMXLpjan<li  form  aoa-ptjlTmierie  mofecoles*  BCl,,  AsCI,,  SbClj.**  This 
dapiAC3kCi(>ci  <p'>lTmeri;saciocL)  o£  the  form  AIX3  is  connected  with  the 
fiftciIicT  wizk  which  the  sales  of  alnmininm  combine  with  other  salts 
t*>  f«:>rm  doable  salts,  azid  with  alominiom  hydroxide  itself  to  form 
baaio  altsw 

J^»iij*4iiui/j*  tHh'Atit'f.  AIj<S<>4>j,  which  is  obtained  by  treating  clay 
or  the  hydrates  of  alumina  with  sulphuric  add.  crrstallises  in  the  cold 
with  27H..tX  or  at  the  ordinary  temperature  in  peariy  crystals,  which 
are  greasy  to  the  toach  and  contain  16H.O.^'  Its  solutions  act  like  sul- 
phuric acid — for  instance,  evolve  hydrogen  with  zinc,  forming  basic  salts, 
which  are  sometimes  met  with  in  nature  (aluminitp,  AljOj,S03,9HjO, 
€i/»fiiiiViH'.  A1,0,,2S02,  and  others),  which  may  be  obtained  by  the 
decomposition  of  nonnal  salts  and  by  the  direct  solution  of  the 
hydroxide  in  nonnal  salts  :  these  exhibiting  a  varying  composition, 
(\\^0^)^(HOj;)^{\{^0)^  where  m  n  is  less  than  3.  With  solutions  of  the 
alkali  sulphates  (potiissiuni,  sodium,  ammonium,  rubidium,  and  caesium 
sulphaU's),  thn  normal  salt  easily  forms  double  salts,  termed  alums— 
f(»r  pxaniphs  tin'  ordinary  crystalline  alum  contains  KAl(S0^)j,12H,0, 
or  KaH()4,Ala(H(>4)a»24H./>.  In  the  ammonium  alums  (which  leave 
a  rrMidiHi  of  iiluniina  when  ignited)  the  potassium  is  replaced  by 
rtininnnium  (NH,).  Alums  are  used  in  large  quantities,  because  there 
in  woiin^'ly  any  other  salt  which  crystallises  so  easily  as  the  last- 
nipntifinrd.  In  this  respect  the  alums  formed  by  potassium  and 
uintiioiiimii  aro  equally  convenient  to  purify,  l)ecause  they  present  a 
(•ofi54i(lf'nible  difference  in  their  solubility  at  the  ordinary  and  higher 
trinpcratu res.  If  the  deposition  be  conducted  rapidly,  the  salt  sepa- 
ratr.x  ill  minute  crystals,  but  if  it  be  slowly  deposited,  especially  in 
largo  niHSWH,  as  at  works,  then  crystals  several  centimeti-es  long  are 

ruftnon  to  conHuUr  that  aluminium  is  capable  of  forming  compounds  AIX4  and  in  this 
ni»nnor  U.  explain  the  existence  of  the  molecule  Al.Cl^.  The  fact  that  it  exists,  tosfetber 
wiUi  th«  «xiMt..nce  of  AIX,,  and  perhaps  of  even  AICI3,  is  one  of  the  indications  of  the 
innufflri^ncy  of  th«  doctrine  of  an  invariable  valency  of  the  elements  as  their  funda- 
menUl  propifrty  (Note  81). 

Furthi-nnore,  there  are  manv  reasons  for  thinking  that  AlF-,  AI.O3,  and  other  empi- 
riflj  fonnnlffi  do  not  express  the  molecular  weight  of  these  compounds,  but  that  it  is 
0sdi  hlgli'^r :  Al„F-„,  Alj^Os,,. 

«  In  the  rase  of  pallium  as  a  close  analogue  of  aluminium,  T^oq  de  Boisbaudran 
(V^  **??  .  **  P'^ol>a»>ly  the  molecule  gallium  chloride  contains  Ga.>CL  at  low  tempera- 
t,^  ^  h.gh  pressures,  and  that  it  dissociates  into  GaCl,  at  high  tern i>eratures  and 
fc^  p«ji.ureH.  Accordmg  to  the  obser^-ations  of  the  investigators  given  in  Note  80,  the 
,prf^le  of  md.um  chlonde  seems  to  appear  in  the  simplest  form,  InCl^,  and  does  not 

»  The   pure  khU  (1«H,0>  i,  not  hygroscopic.    In  the  presence  of   unporitie.  the 
amonnt  of  water  increases  to  l«H.p,  and  the  salt  becomes  hysroscopic. 
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EmiiPtiiiit^  obtained.  At  n  higher  temperature  aluius  are  very  much 
more  soluble,  and  crystiilliae  with  gremter  difficulty,  and  lire  therefore 
less  easily  freed  from  impurities;  at  0°  100  parts  of  water  dissolve 
3  parts,  at  30°  22  parts,  at  70°  90  parts,  and  at  100°  357  parts  of 
IMitussiuin  alum."  The  solubiliiy  of  aminomum  alum  is  slightly  less. 
The  Bpeciliu  gravity  of  potassium  alam  is  I'TJ,  of  ammonium  alum 
1*63,  ttiid  of  sodium  alum  1-60.  Alums  easily  part  with  their  water  .if 
cryslidlisiitioH  ;  thus  potash  alum  p»rtially  effloresces  when  exposed  to 
the  nir,  and  lost s  9  mol.  H.jO  under  the  receiver  of  an  nir-pump.  At 
100°  dry  air,  if  passed  over  alums,  takes  up  nearly  all  their  water.  As 
we  have  already  mentioned  (Chap.  X\',),  the  law  of  isomorpliouB  sub- 
stitutions evinces  itself  more  clearly  in  the  alums  than  in  any  other 
salts,  and  all  alums  not  only  contain  an  equal  amount  of  water  of 
crystallisation,  MR(SOJ.J2HaO,  where  M=K,  NH„  Nii,  R=A1,  Fe, 
Cr,  and  not  only  appcir  in  crystals  whose  planes  are  inclined  at  ei]ual 
angles,  but  they  also  give  every  possible  kind  of  isomorphous  mixture. 
The  aluminium  in  them  is  easily  replaced  by  iron,  chromium,  indium, 
and  partly  by  others,  whilst  the  potassium  may  be  substituted  by 
sodium,  rubidium,  ammonium,  and  thallium,  and  the  sulphuric  acid 
nitty  be  replnceU  by  selenic  and  chromic  acids. 

Alumininm  rh/oriJe,  Al^Cl,-,,   is  obtained,  like  the  other  similar 
cidorides,  either  directly  from  chlor 
redness  an  intimate  mixture  of  the 
charcoal  in  a  stream  of  chl<.>ri 
volatile,"  lUid  fonus  a  crystallin 
in  the  air  and  easily  dissolves 


e  and  the  metal,  or  by  heating  to 
amorphous  anhydrous  oxide  and 
The  resultant  sublimate  is  very 
sily-fusible  mass,  wliich  deliquesces 
',  with  the  eiolution  of  a  lar((e 


amount  of  heat.  In  this  respect  aluminium  chloride  reseuibles  the 
chlor-an hydrides  of  the  acids,  and  probably  in  the  ar|ueous  solution 
the  elements  of  the  hydnicliloric  acid  are  already  separated,  at  least 
partially,  from  tlie  aluminium  hydroxide.  The  solution  may  also  b» 
obtained  by  the  action  of  aluminium  hydroxide  on  hydrochloric  acid. 
On  evaporatinK  this  solution,  hydrochloric  acid  and  aluminium 
hydroxide  are  liberated.  But  with  an  excess  of  hydrochloric  acid,  and 
if  the  solution  be  heat«d  in  a  closed  tube,  then  on  cooling  crystals  of 


'^  Tho  coimiOTi  form  of  enr"tii,U  otKlumi  is  octahediol,  but  if  IbiHHilntton  conUinm 
CTTUio  cmiU  eioenof  nIamiDB  abovH  the  ntm  aAl[OH),,  to  X,80„iuiil  not  more  auIpLnrio 
•cid  Uum  RKjSO,  to  SAKOHIj,  then  it  uHiIy  forms  coinbioittiniia  of  the  cube  (md  ocla- 
bedraiii  •ndtUoHi  alauui  arc  called  '  cubic'  nttuns.  They  nro  tHlDdl  bf  tiw  d.ver  Iwcutu 
thef  ouiiwntain  no  iron  in  eolutioOi  for  oxide  ot  iron  is  pre<:i|>itiiteil  Iwlore  uliuninn,  Knil 
0  th*  Wlor  he  iu  excels  there  Cfta  be  no  oiide  ot  iron  present.  TliBw  eluius  were  loii); 
•Tpotled  iTOm  ItiUy.  where  they  aerc  piepored  from  aliuiile  (Note  W). 

'■  AlDminiiua  chloride  ru>e«  at  ITtt^,  boils  at  lsa°  (prasiun)  7M  mm.,  itt  IBS"  uudet  » 
(e  ol  3S0  moL,  And  et  1118°  under  aiTH  mm,),  aocoidiDK  to  Friedul  and  Cntflu. 
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AlCljjGHjO  are  obtained — that  is,  aluminium  chloride  both  combine? 
with  water  and  is  decomposed  by  it.  And  the  faculty  of  the  type 
AlX-i  for  combining  with  other  molecules  is  seen  in  the  compounds  of 
AICI3  with  many  other  chloiine  compounds.  So,  for  example,  a  mix- 
ture of  aluminium  chloride  with  sulphur  tetrachloride  gives  Al2Clft,SCl4 
under  the  action  of  chlorine,  whilst  with  phosphorus  pentachloride  it 
forms  AlCljjPClj ;  it  also  combines  with  NOCl.  In  all  such  compounds 
it  is  not  AljCljj  which  enters  into  tjieir  composition,  but  apparently  only 
AICI3.  Thus  the  compounds  AICU,N0C1,  AlClgjPOCla,  AlCl3,3NH3, 
AlCl3,KCl,  AlClajNaCl  are  known.'-^  The  compound  of  aluminium 
and  sodium  chlorides,  AlNaCl4,  is  very  fusible  and  much  more  stable 
in  the  air  than  aluminium  chloride  itself.  It  seems  to  be  of  the 
same  type  as  the  alums.  This  compound,  AlNaCl4,  is  employed  in 
the  extraction  of  metallic  aluminium,  as  we  shall  presently  proceed  to 
describe.  Aluminium  bromide,  which  is  obtained  by  the  direct  com- 
bination of  metallic  aluminium  with  bromine,  closely  resembles  the 
chloride ;  it  melts  at  90°,  volatilises  at  270°,  and  its  vapour  density 
indicates  the  formula  AI^Br^^.  Aluminium  iodide  is  obtained  by 
heating  iodine  with  finely-divided  aluminium  in  a  closed  tube ;  it  is  so 


''*  Here  we  see  an  instance  in  confirmation  of  what  has  been  said  in  Note  80.  We 
will  cite  still  another  instance  confirming  the  power  of  alumina  to  enter  into  complex 
combinations.  Alamina,  moistened  with  a  solution  of  calcium  chloride,  gives,  when 
ignited,  an  anhydrous  crystalline  substance  (tctrahedral),  which  is  soluble  in  acids,  and 
contains  (Al,0.^)o(CaO)ioCaClQ.  Even  clay  forms  a  similar  stoney  substance,  which 
might  be  of  practical  use. 

Among  the  most  complex  compounds  of  aluminium,  ultramarine^  or  lapis  laJtuti, 
must  be  mentioned.  It  occurs  in  nature  near  Lake  Baikal,  in  crystals,  some  colourless 
and  others  of  various  tints — green,  blue,  and  violet.  When  heated  it  becomes  dull  and 
acquires  a  very  brilliant  blue  colour.  In  this  form  it  is  used  for  ornaments  (like  mala- 
chite), and  as  a  brilliant  blue  pigment.  Now  ultramarine  is  prepared  artificially  in 
large  quantities,  and  this  process  forms  one  of  the  very  important  conquests  of  science ; 
for  tlio  blue  tint  of  ultramarine  has  been  the  object  of  many  scientific  researches,  wbidii 
have  culminated  in  the  fabrication  of  this  native  substance.  The  most  characteristic 
fact  bearing  on  ultramarine  is  that  when  placed  in  sulphuric  acid  it  evolves  hydrogen 
sulphide  and  becomes  colourless.  It  is  evident  that  the  blue  colour  of  ultramarine  is 
due  to  the  presence  of  sulphides.  If  clay  be  heated  in  a  furnace  with  sodium  sulphate 
and  charcoal  (sodium  sulphide  is  formed)  without  the  access  of  air,  then  a  white  mass  is 
formed,  which  becomes  green  when  heated  in  the  air,  and  when  treated  with  water  it 
leaves  a  colourless  substance  known  as  '  white  ultramarine.'  When  ignited  in  the  air  it 
absorbs  oxygen  and  turns  blue.  The  reason  of  the  coloration  is  ascribed  to  the  presence 
of  metallic  sulphides  or  polysulphides,  but  it  is  most  probable  that  silicon  sulphide,  or 
its  oxysulphide,  SiOS,  is  present.  At  all  events,  the  sulphides  play  an  important  part, 
but  the  problem  is  not  yet  quite  clear.  To  white  ultramarine  the  formula  Na8Al«Sie024S 
is  ascribed.  The  green  probably  contains  more  sulphur,  and  the  blue  a  still  larger 
quantity.  It  is  supposed  to  contain  NasAleSitjO^iS-.  It  is  more  probable  (according  to 
Gu(  kelberger,  1882)  that  the  composition  of  the  blue  varies  between  SiigAliRNaj^^yOyi 
and  Si,BAl,^Na2,,Se069.  The  latter  may  be  expressed  as  (A1.20.06(Si02)i8(NaaO).2oSo05, 
which  would  indicate  the  presence  of  insufficiently-oxidised  sulphur  in  ultramarine. 


t»si\y  decomposed   by  osygen  that  its  vapour  t 
mixed  with  it'" 

Jietallie  aluminium  was  first  preparetl  by  Wtihler,  who  did  so 
much  for  the  early  study  of  organic  cliemistry  and  made  the  first  sjn- 
thesis  (of  urea,  Vol.  I.  p,  309 1  of  organic  substances,  W'ohler  oljtaiiied 
metallic  aluminium  as  a  grey  powder  in  IS23by  the  action  of  potassium 
on  aluminium  chloride.  He  afterwards  (in  1854)  obtained  it  as  a 
white  compact  metal,  unoxidisable  in  the  nir,  and  acted  on  with  difficulty 
Iiy  acids.  Owing  to  the  vast  and  wide  occurrence  of  clay,  many  efforts 
have  been  made  in  investigating  in  detail  the  methods  for  the  extrac- 
tion of  this  metal.  These  efforts  have  been  completed  (1854)  by  Sainte- 
Olaire  Deville,  who  is  renowned  for  hia  doctrine  of  dissociation.  The 
extraction  of  this  metal  requii-es  the  preliminary  preparation  of  sodium. 
Experiments  on  a  large  scale  ha^'e  proved  that  the  aUoys  of  aluminium 
h&ve  many  valuable  properties,  whilst  the  metal  itself  has  not  proveil 
to  be  so  suitable  for  technical  purposes  aa  was  at  first  thought.  Nitric 
■oid,  indeed,  does  not  act  on  it,  but  the  alkalis,  alkaline  substances, 
and  even  salts — for  instance,  moist  table  salt — humidity,  ic,  tarnish 
it,  and  hence  objects  made  of  aluminium  suffer  at  the  surfaces,  alter, 
and  cnnnot,  as  was  hoped,  replace  the  precious  metals,  from  which  it 
differs  in  its  extreme  lightness.  Some  alloys  made  with  aluminium 
(ire,  however,  very  valuable  in  their  properties  and  applications. 

The  technical  method  of  the  preparation  of  metallic  aluminium  is 
based  on  the  decomposition  of  the  above-mentioned  compound  of 
sodium  and  aluminium  chlorides  by  metallic  sodium.  The  cotnpound 
is  obtained  by  passing  the  vapour  of  aluminium  chloride  (evolved  from 
an  ignited  mixture  of  alumina,  extracted  from  bauxite  or  cryolite, 

^  At  the  ordinary  temperature  a.luinii:iium  Sana  not  decnmpose  wster.  but  it  vf  ailil 
III  tlxj  wAler  ■  Boutll  qnuitlty  ot  iodine,  or  of  bydiioctic  iicid  and  iodine,  or  of  u.t[tnitniain 
iiididu  nod  iodine,  theu  hydrogen  ik  Hbandsntl;  evolied.  It  ia  evident  that  here  tluj 
icikelion  pnxeeds  at  the  expense  of  the  fonnatJoD  of  Al^l^^,  and  that  this  anbHtance,  with 
watct,  giTBi  aJDiniiiiani  liTdroiide  and  hjdriodiD  acid,  wbicb,  with  alofflinimn.  evoWea 
hrdmecD.  Aloioininm  probnblr  belongs  to  the  metftla  havnig  a  grester  affluity  (or 
laygtn  than  for  the  halogem  (Chapter  XI.  Note  IB). 

All  these  halogen  compounda  ot  alnminiiun  ore  tolable  in  water.  AlH-mimiim 
fimoride,  AlFi  |AI.Fu).  is  insoluble  in  water.  It  is  obtained  by  dianalving  alnmina  in 
hTdmlluoric  acid;  a  lolutinn  in  then  formed,  but  it  contains  an  eicesu  of  hj'droRuoric 
acta.  When  this  aolntion  is  evaporated,  eryntali  coDtaining  A1,F,.HF.H.jO  are  cbtsined. 
TI117  are  alao  insoluble  in  water.  By  wturatiDg  the  above  iiolution  with  a  large  ciusntity 
of  a]nmiua,and  then  eTaporating,  we  obtain  crystal*  having  the  campositiou  Al]Fa,7H,0, 
All  them  eonipDUnds,  when  ignited,  leave  inaoliible  anhydroiu  alnmiuium  fluoride.  It 
foras  onion rlesn  rhombohedni,  which  are  non.volatile,  of  sp 


by  Mteam  into  alumiiiA  and  bydrofluorie  acid.     The  aeid  sot 
comlKiaad  which  has  its  eorroaponding  salt* ;  by  the  additio 
floiiride,  a  gelntinona  precipitate  ot  A1K..,F«  is  oblained,     A 
aitXan — namely,  AlNigF^  or  eryolitt,  sp.  gr.  3-0. 
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with  charcoal  in  a  stream  of  chlorine)  over  red-hot  salt,  when,  if  the 
temperature  be  sufficiently  high,  the  compound  AlNaCl4  is  itself 
volatilised,  and  may  in  this  manner  be  obtained  pure.  A  mixture  of 
this  compound  with  salt  and  fluor  spar,  or  with  cryolite,  is  heated  with 
a  certain  excess  of  sodium,  cut  into  small  lumps.  On  a  large  scale 
this  operation  is  carried  on  in  special  furnaces  with  a  small  access  of 
air  and  at  a  high  temperature.  The  decomposition  essentially  takes 
place  according  to  the  equation  Na AICI4  -f  3Na= 4NaCl + Al.  Neither 
charcoal  nor  zinc  will  reduce  the  oxygen  compounds  of  aluminium  ; 
even  sodium  and  potassium  do  not  act  on  alumina.^^ 

Aluminium  has  a  white  colour  resembling  that  of  tin — that  is,  it  is 
greyer  than  silver,  it  has  the  feebly  dull  lustre  of  tin,  but  compared 
to  tin  and  pure  silver  aluminium  is  very  hard.  Its  density  is  2*67 — 
that  is,  it  is  nearly  four  times  lighter  than  silver.  It  melts  at  an 
incipient  red  heat  (600°),  and  in  so  doing  is  so  slightly  oxidised  that  it 
may  be  easily  cast  into  moulds,  and  may  be  obtained  in  large  masses 
in  this  manner.  At  the  ordinary  temperature  it  does  not  alter  in  the 
air,  and  if  taken  in  a  compact  mass  it  bums  with  great  difficulty  at  a 
white  heat ;  but  in  thin  sheets,  into  which  it  may  be  rolled,  or  as  a  very 
fine  wire,  it  burns  with  a  brilliant  white  light,  because  it  forms  an 
infusible  and  non-volatile  oxide.  Aluminium  itself  is  non-volatile 
at  a  furnace  heat.  Dilute  sulphuric  acid  has  no  action  on  it,  but 
the  strong  acid  dissolves  it,  especially  with  the  aid  of  heat.  Nitric 
acid,  dilute  or  strong,  has  no  action  whatever  on  it.  However, 
hydrochloric  acid  dissolves  aluminium  with  great  ease,  as  also  do  solu- 
tions of  caustic  soda  and  potash.  In  the  latter  cases  hydrogen  is 
evolved. 

Aluminium  forms  alloys  with  different  metals  with  great  ease. 
Among  them  the  copper  alloy  is  of  practical  use.  It  is  called 
aluminium  bronze.  This  alloy  is  prepared  by  immersing  11  p.c.  to 
12  p.c.  by  weight  of  metallic  aluminium  in  molten  copper  at  a  white 
heat.  The  formation  of  the  alloy  is  accompanied  by  the  development 
of  a  considerable  quantity  of  heat,  so  that  the  alloy  glows  to  a  bright 
white  heat.     This  alloy,  which  corresponds  with  the  composition  AlCuj, 

3'  Ori((inalI^  the  manufacture  of  aluminium  was  ceoried  on  at  Salindres,  near  Alais, 
in  the  South  of  France.  At  present  it  is  produced  in  very  large  quantities  in  England. 
A  great  number  of  methods  have  been  tried  for  the  preparation  of  aluminium  and  its 
alloys  with  copper  and  iron,  from  cryolite  and  clay,  especially  by  the  aid  of  the  galvanic 
current,  but  as  yet  the  most  advantageous  method  is  tliat  given  by  Deville.  There  is 
no  doubt  that  in  time  the  alloys  of  aluminium  will  be  very  widely  used,  and  therefore 
the  manufacture  of  aluminium  will  extehd  ;  but  it  is  difficult  to  imagine  that  the  cost  of 
extraction  of  the  metal  will  decrease  sufficiently  for  it  to  replace  iron,  copper,  zinc,  and 
other  common  metals,  whose  properties  are  very  much  altered  when  alloyed  with  aln- 
minium  (for  example,  their  hardness,  casting  capacities,  &c.). 
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pi-esents  an  exceedingly  homogeneous  niaas,  especially  if  perfectly  pure 
i-opper  is  taken.  It  is  distinguialietl  for  its  capacity  to  lill  up  the 
most  minute  impressions  of  the  mould  intt)  which  it  may  be  cost, 
and  by  its  extniordiimry  fiastictty  and  toughness,  so  that  objects  cast 
from  it  may  be  hammered,  drawn,  ic,  and  at  the  .same  time  it  is  finr}- 
grained  and  excee<lingly  hard,  takes  an  excellent  polish,  and,  what  is 
must  important,  its  surface  then  remains  almost  unchangeable  in  tlie 
air,  and  has  a  colour  and  lustre  which  may  be  compared  to  that  of  gold 
alloys.  Hence  aluminium  brimze  is  much  used  in  tho  arts  fi)r  making 
spoons,  watches,  vessels,  forks,  knives,  and  for  ornaments,  ic.  No 
less  important  is  the  fact  that  the  admixture  of  one -thousandth  part 
of  uluminium  with  steel  renders  its  castings  homogeneous  (fri^e  from 
cuvities)  to  an  extent  that  could  not  be  arrived  at  by  other  means, 
nor  does  the  quality  of  the  steel  in  any  respect  lose  by  this  admix- 
ture, but  rather  is  it  improved.  In  a  pure  state,  aluminium  is  only 
employed  for  such  objects  as  require  the  hai-dness  of  metals  with 
comparative  lightness,  such  as  telescopes  and  various  physical  appa- 

According  to  the  periodic  system  of  the  elements,  the  analiigues  of 
magnesium  are  line,  cadmium,  and  mercury  in  the  second  group.  So 
also  in  the  third  group,  to  which  aluminium  belongs,  we  find  its  corre- 
sponding analogues  gallium,  ituliunr,  and  thallium.  They  are  all  lhr«e 
so  rarely  and  sparingly  met  with  in  mature  that  they  could  only  be 
discovered  by  means  of  the  spectroscope.  This  fact  shows  that  they 
are  partially  volatile,  as  should  be  the  cose  according  to  the  property 
of  their  nearest  neighbours,  the  very  volatile  zinc,  cadmium,  and  mer- 
eury.  Like  them,  in  gallium,  indium,  and  thaUiuni  the  density  of 
the  metal,  decomposability  of  compounds,  ic,  rises  with  tlie  atomic 
weight.  But  here  we  find  a  peculiarity  which  does  not  exist  in  the 
second  group.  In  the  latter,  the  fusibility  increases  with  the  atomic: 
weight  of  magnesium,  zinc,  cadmium,  and  mercury ;  indeed,  the 
heaviest  metal — mercury— is  a  liquid.  In  the  third  group  it  is  not  so. 
In  order  to  understand  this  it  is  sufficient  to  turn  our  attention  to  the 
elements  of  the  further  groups  of  the  uneven  series— for  instance,  to 
ibe  V.  group,  containing'  phosphorus,  arsenic,  and  antimony,  or  to  the 
VI.  group,  where  are  sulphur,  selenium,  and  tellurium,  and  nlso  to  ■ 
the  VII.  group,  where  chlorine,  bromine,  and  iodine  nre  situated. 
In  all  these  instances  the  fusibility  decreases  with  a  rise  of  atomic 
weight ;  tlie  members  of  the  higher  series,  tho  elements  of  a  high  atomic 
weight,  fuse  with  greater  difficulty  tlian  the  lighter  elements.  The 
rt-presentntives  of  the  uneven  series  of  the  III.  group,  aluminium, 
gallium,  indium,  thallium,  foiming,  as  they  do,  a  transition,  present 
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n,  so  to  my,  int«nue<liate  plicnotnenon.  Here  the  most  fusible  of  nil 
is  the  uicdium  metal  gnlliuiu,^^  which  fuaes  at  the  heat  of  the  hand  ; 
whilst  indium,  thallium,  and  aluminium  fuse  at  mucli  hitter  tem- 
pera tui  vs. 

Zinc  {It.  group),  which  iias  an  atomic  weight  65,  aiiould  be  foUoM'ed 
in  the  TTI.  group  hy  an  element  with  an.  atomic  weight  rf  sbout  69. 
It  will  ije  in  the  same  group  as  Al,  and  should  consequently  give 
R^O;,  BCl.,,  R2(^'^i)r'  aiums,  and  like  compouiidfi  analogous  to  those  of 
aluminium.  Its  oxide  should  he  more  easily  reducible  to  metal  than 
alumina,  just  as  zinc  oxide  is  more  easily  reduced  than  magnesia.  TIte 
oxide  R5O3  should,  like  alumina,  have  feeble  but  clearly -expressed 
basic  properties.  The  metal  i-educed  from  its  compounds  ehoulcl  have  « 
greater  atomic  volume  than  Jiinc,  because  in  the  fifth  series,  proceeding 
from  zinc  to  bromine,  the  volume  increases.  And  as  the  vcJume  <^ 
sinc=:9'^,  and  of  arsenic^lS.  therefore  that  of  our  metal  should  be 
near  to  12,  This  is  also  evident  from  the  fact  that  the  vtJume  of 
aluminium  =  11,  and  of  indium  =  1 4,  and  our  metal  is  situated  in  the 
III.  group,  lietween  aluminium  and  indium.  If  its  volume  =ir5 
and  its  atomic  weight  be  about  69,  ihen  its  density  will  be  nearly  5'9. 
The  fact  of  zinc  being  more  volatile  than  magnesium  gives  reason  for 
thinking  that  the  metal  in  question  will  be  more  volatile  than 
aluminium,  and  therefoi-e  for  expecting  its  discovery  by  the  aid  of 
the  spectroscope,  Ac. 

These  properties  were  indicated  by  me  for  the  analogue  of  alu- 
minium in  mil,  and  I  named  it  (tee  Chapter  XV.)  elc a- aluminium. 
In  1875,  Lecoq  de  Boisbaudran,  who  had  done  much  work  in  spectrum 
analysis,  discovered  a  new  metal  in  a  zinc  blende  from  the  Pyrenees 
(Pierrefitte).  He  i-ecognised  its  individuality  and  distinction  from 
zinc,  cadmium,  indium,  and  the  other  companions  of  zinc  by  means  of 
the  spectroscope;  but  he  obtained  only  several  fractions  of  a  centigram 
of  it  free.  But  few  of  its  reactions  were  detennined,  as,  for  instance, 
that  iMirium  carbonate  pracipitutes  a  new  oxide  from  its  salts  (alumina, 
as  is  known,  is  also  precipitated).  Lecoq  de  Boisbaudran  named  the 
newly -discovered  metal  gallhim.  As  one  would  expect  the  same 
properties  for  eka-aluminiura  as  were  observed  in  gallium,  I  at  the 
time  pointed  out  this  fact  in  the  Memoirs  of  the  Paris  Academy  of 
Sciences.     All  the  subsequent  observations  of  Lecoq  de  Boisiiaudran 
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confirmed  Uie  identity  between  the  properties  of  gallium  aud  liiose 
indicated  for  eka-alumiikium.  Immediately  after  this  the  amDioiiium 
nluDi  of  gallium  was  obtained,  but  the  most  weighty  proof  of  alt  w»s 
shown  in  tlie  fact  that  the  density  of  gallium  was  lii-st  fuuud  to  he 
different  (4'7)  from  that  indicated  above,  whilst  aft«rwardB,  when  the 
metal  wag  carefully  puriljed  from  sudium  (which  was  fii'st  used  an  a 
reducing  agent),  it  proved  to  be  just  that  (5'9)  which  would  have  been 
looked  for  in  the  analc^ue  of  aluminium,  elca-aluniinium  or  gallium  ; 
and,  what  was  very  unportant,  the  et[uivalent  (23'3)  aud  atomic  weight 
(69-8)  determined  by  the  specific  heat  (O'Oci)  were  shown  by  experiment 
to  be  such  as  would  be  expected.  These  facts  cotihrmed  tlie  uni- 
versality and  applicability  of  the  periodic  system  of  Che  eleuii-iits.  It< 
must  be  remarked  that  previous  to  it  there  wua  no  meaus  of  either 
foretelling  the  properties  or  even  the  existence  of  undiscoveiwl  ele- 
mente.^' 

Much  more  light  has  been  thrown  on  that  element  of  the  alumitiium 
group  which  follows  after  cadmium  {its  position  in  the  periiKfic  system 


es).     Thi.-* 


i  named  indium 
er  a  blui!  colura- 


i  Til.,  7,  that  is,  it  is  in  the  111.  group  in  the  7th  s 
imlimn,  In,  which  also  occurs  in  Bmal!  quantities  in  i 
It  was  discovered  (1863)  by  Reich  and  Ilichter  (and  n 
gated  by  Winkler)  in  the  Freiberg  ainc  ores,  and  wi 
from  the  fact  that  it  gives  to  the  flame  of  a  gas-burner  a  \ 
tion,  owing  to  the  indigo  blue  siwctral  lines  pi-oper  to  it.  The  equi- 
I'alent  (to  hydrogen)  of  indium  =37*7,  and  if  it  be  an  analogue  of  alu- 
minium, and  if  the  composition  of  its  oxide  he  In^Oj,  then  its  atomic 
weight  will  lje  3  X  377=about  1 13— that  is,  near  to  the  atomic  weight 
<if  cadmium,  Cd=112,  as  aluminium  is  near  to  magnesium.  If  the 
formula  of  the  indium  oxide  be  taken  as  IhjO,  (In=113),  then  all  its 
properties  are  known,  as  has  been  explained  in  Chapter  XV.  The 
specihc  heat  of  the  metal  confirms  its  atomic  weight,  In=:113.  It  has 
been  shown  to  be  etjual  to  O'Ci?  (according  to  Bunsen)  and  O-OSS 
(according  to  the  author's  det«rminatitin),  and  these  numbers  ooii-espond 


"  The  (pectruin  at  guUiam  n  chsntcteriscd  by  K  brilliant  violot  lino  having  B 
length  ^  417  milliouthH  of  a  uiliimeUv.  The  metgJ  ia  separated  trou  liu  Hulutiuii 
taming  a  nuiture  of  tlie  man]'  metal*  oocmring  in  the  zinc  blende,  an  Ilie  biuin  ii 
(xllowing  reattiona  :  it  is  pcecipitaMd  by  sodiam  ■.-ubonaUt  in  the  first  porlirms ;  It 
a  aolphato  which,  on  bailiuK,  easilj  deoompoava  into  ■  btwio  ssit.  very  aligbtly  w 
in  water ;  and  it  is  dejioBitad  in  a.  mettJlii:  sbile  from  itB  volDtiDnii  by  the  action 
golnnic  cnrrenC.  It  tuwa  at  -t  St)°,  and,  ahoti  once  fused,  it  remaini  liquid  lor 
Itmif-  It  oiidiaefl  with  diflicnlty,  evolveii  hydrogen  frnm  hydrochloric  ncid  nnd 
[wtaHiDm  hydroxide,  and,  like  all  leeblo  bases  (for  inetcknce,  alumina  and  indinni  n 
it  eataily  Iorn»  bade  imlta.  The  hydroxide  la  Holuble  in  b,  solntion  of  caadjc  pi 
and  abghtlr  to  llike  uluioiua)  iu  caustic  luniucitiia. 
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with  tlip  jitomic  weight  113,  because  the  product  of  I13iiitoO-5G  is 
equiil  tf)  G-:i,  the  atoraic  heat  of  other  metals.'" 

Inasmuch  as  we  found  among  the  iinaloguea  of  magnesium  in  the 
II.  group  a  metal,  mercury,  heavier  and  more  easily  reduced  than 
the  rest,  and  giving  two  grades  of  oxidation,  so  we  should  espect  to 
find  a  metal  among  the  analogues  of  aluminium  in  the  III.  group 
which  would  belieavy,  easily  reduced,  and  give  two  grades  of  oxidation, 
and  would  have  an  atomic  weight  greater  than  IJOO.  Such  is  ihntlivm. 
It  fonus  compounds  of  a  lower  type,  TIX,  besides  the  higher  unstable 
type  TIX 3,  just  as  mercury  gives  HgXj  and  HgX.  In  the  form  of  the 
thallic  oxide,  Tl^Oj,  the  base  is  but  feebly  enei'gotic,  as  would  1* 
expected  by  analogy  with  the  oxides  AI^Oj,  GajO^,  and  In^O;,,  whilst 
in  thallous  oxide,  TljO,  the  basic  properties  are  sliarply  delineil,  aa 
iDight  be  expected  according  to  the  properties  of  the  type  R,0 
(Chapter  XV.).  rAn/;.«m  was  discovered  ill. leCl  by  Croukes  and  by 
Lamy  in  certain  pyrites.  When  pyrites  are  employed  in  the  roanu' 
fttcture  of  sulphuric  acid,  they  are  burned,  and  they  give  besides 
sulphurous  anhydride  the  vapours  of  various  substances  which  accom- 
pany the  sulphur,  and  are  volatile.  Among  these  substances  arsenic 
and  selenium  are  found,  and  together  with  them,  thallium.  These 
sut)Btances  accumulate  in  a  more  or  less  considerable  quantity  in  the 
tubes  through  which  the  vapours  formed  in  the  combustion  of  the 
pyrites  have  to  pass.  The  sulphurous  anhydride  passes  on  to  the 
further  chaniljers,  whilst  these  substames  condense  on  cooling.  When 
the  mctliiHls  of  spectrum  analysis  were  discovered  (I860),  a  great 
iiuml)er  of  substances  were  subjected  to  spectroscopic  research,  and  it 
was  obifrvej  that  those  sublimations  which  are  obtained  in  the  com- 
bustion of  certain  pyrites  contained  an  element  Irnving  a  very  sharply- 
defined  and  characteristic  spectrum — namely,  in  the  green  portion 
of  the  spectra  it  gave   a  sharp  green  band  (wave   length  535  mil- 


'"  Tlie  int]Kinr  density  of  indium  chloride,  InCI.^  (Note  SI),  determlnod  b;  Nillaou  and 
PetbenBoii,  viiniinuB  tbU  atomic  weigbt. 

Indium  in  Bupurated  from  line  oiid  cndmiuui.  with  whicli  it  oocura,  an  tbe  huisof  Uia 
tact  Ibat  ilB  Iiydroxide  is  iDBolnble  in  unmonia,  Chat  Ibu  solntioiiii  of  its  ultsgiveiDdiiun 
wheu  IruMed  with  lina  (faenca  indiutu  in  diBBolvod  sfter  kIuc  bj  acids),  uid  that  tbey 
^ve  a  ptetipilal«  with  hjdrogen  aiil|ihids  even  in  aoid  Bolationa.  Metallic  indium  is 
Rrey,  ba«  a  sp,  gi.  of  m,  fuses  at  17e°,  does  not  oiidiie  in  (he  air,  and,  when  ignited,  it 
first  gives  a  black  suboxide.  IniOj,  then  volatiliaes  and  gives  a  brawn  oxide,  lOgOx,  vhose 
i-alls,  InTL.:.  are  also  tonued  by  the  direct  uetiun  of  acids  on  Ibe  metal,  bydragen  being 
evolved.  Caustic  alkalis  do  not  aot  on  indinm,  from  which  it  is  evident  that  it  is  less 
capable  ol  lorming  alkaline  compounds  tban  nlnmininni ;  howcTer,  with  potaasiDm  and 
aadiam  hydroxides,  aolations  of  indium  aaltsgin-acolaurleiiB  precipitate  of  the  hydroiide, 
1  of  the  alkali,  like  the  hydroxides  of  alomininm  aud  xino. 


Ill, 


ystullise. 


BORON,  ALUMINIUM,  AND  THE  ANALOGOUS  METALS 


lionth  millimetres)  which  did  not  coireapond  with  any  then  known 
eleuient." 

Under  the  action  of  a  galvanic  current  eolations  of  thallium  salta 
deposit  the  metal  in  the  form  of  a  heavy  powder.  It  is  of  a  grey  colour 
lika  tin,  is  soft  like  sodium,  and  has  a  metallic  lustre.  Its  specific 
gravity  is  11*6,  it  melts  at  390'',  and  volatilises  at  a  high  temperature. 
When  heat«d  slightly  above  its  melting  point  it  forma  an  insoluble  (in 
water)  higher  oxide,  TljO^,  as  a  dark-coloured  powder,  which  is,  how- 
ever, generally  accompanied  l)y  the  lower  oxide  T1,0,  which  is  also 
Ittack,  but  soluble  in  water  and  alcohol.  Thia  solution  has  a  distinctly 
alkaline  reaction.  This  thalloug  oxidt  melts  at  300",  and  is  easily 
obtained  from  the  hydroxide  TIHO  by  igniting  it  without  access  of 
air  {in  the  presence  of  air  the  incandescent  thallous  oxide  partly  passes 
into  thallic  oxide).  Thalloui  hydroxide,  TIOH,  crystalHeea  with  one 
molecule  H,0  in  yellow  prisms,  which  are  very  easily  soluble  in  water, 
Metiillic  thallium  may  be  used  for  its  preparation,  as  the  metal  in  the 
presence  of  water  attracts  oxygen  from  the  air  and  forms  the  hydroxide. 
But  metallic  thallium  does  not  decompose  water,  although  it  gives 
a  hydroxide  which  is  soluble  in  water.*"*     All  the  other  data  for  the 

*■  Thklliam  wai  afterwnrdB  Iimnd  in  cartun  micu  and  in  the  rare  mineral  crookeaite, 
contunlng  lead,  lilvsr,  Ihallinm,  and  KleniuD.  Iti  isolation  depends  on  the  laoX  that  in 
the  pTsHDOe  of  acidn  thallinni  formH  tlialloas  compoaadB,  TIZ.  Among  these  ooinpomida 
the  chloride  and  ffnlphaCe  are  only  nlightJy  aolrible,  and  Rive  Tith  hydrogen  sulphide  a 
black  preoipitate  of  Che  sulphide  Tl^S,  which  ii  soluble  in  an  eioeai  of  aoid  bat  inaolabla 
in  ammoninm  nnlphide. 

*'*  The  belt  method  of  pnparinx  thalloDi  hydmiide,  TIOII,  ia  by  the  decompoHtton 
of  theieqniaiteqDantitjrot  bat7taby  tlialloiiR  Hnlphate,  whioh  is  slightly  soluble  in  water; 
buinm  (Dlphate  ia  then  obtained  in  the  prscipitale  and  thallouB  hydroxide  in  solution. 
This  wlnbititj  ol  the  bjdroiide  is  exceedingly  characteristio,  and  fonoi  one  of  the  moat 
important  pacoliatities  of  thallium.  These  lowar  (thallons)  compounds  an  of  the  typ« 
TIX.  and  recall  the  sides  of  tha  alliaUs.  The  ealts  TIX  ate  colonrlesa,  do  not  gire  a  pre- 
cipitate with  the  aUcalie  or  ammania,  but  they  are  precipitated  by  ammoninm  oarbonat*. 
becaose  thallona  carbonate.  TI^CO],  is  npariugly  soluble  in  water.  PUtlnic  chloride  t^rea 
tha  uaie  kind  ol  precipitate  as  it  does  with  the  salu  ol  potasBium  -  that  is,  tbalkma 
pUtinochluride,  PtTlfClt.  All  tliese  facta,  together  with  tha  isomorphism  of  the  salta 
TIX  with  those  of  potaaiiiDin,  again  point  oat  what  an  important  aigniflcance  the  tyiwa 
of  oampeands  have  in  the  determination  of  the  cbarNrter  of  a  given  aerie*  of  mbitancea. 
Although  Ihallinin  has  a  greater  atomic  weight  uid  greater  density  than  pntasnam.  and 
although  it  has  a  lesa  atomic  volome,  nevertheleHs  thallous  oxide  is  analogons  to  the 
patauium  oxide  in  many  respects,  because  bhej  both  give  compoimda  of  the  same  type, 
RX  We  will  further  remark  that  thalloui  fluoride,  TIF,  ia  easily  soluble  in  water  as 
well  a*  thallous  eilicofliioride,  SiTl,Fa,  but  Hut  thallone  cyanide,  TICN,  is  oparingly 
aoluble  in  water.  This,  together  with  the  slight  lolubihty  of  tlialloaa  chloride,  TlCl,  and 
•ulphale,  TI^O^  indicated  on  analogy  between  TIX  and  Che  salts  of  silver,  AgX. 

As  reguds  the  liigher  oxide  or  the  Ihalltc  oxide,  Tl,Oj,  the  thallium  is  triralent  in  it— 
thai  ia.  It  forms  compounds  of  the  type  TIX.,.  Tbe  hydroxide.  TtO^OH),  is  formed  by  the 
action  of  hrdtogen  peToxide  on  thalloDfl  oxide,  or  by  Che  action  of  ammonia  on  a  aoln- 
lion  of  thallic  clJoride,  TlCl,.  It  ia  obuined  aa  a  brown  precipitate,  insoluble  in  water 
but  eaail)' soloble  in  adds,  with  which  it  gives  thallic  salts,  TIX,.     Thallic  chloride,  which 
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■chemical  and  physical  properties  of  thallium,  of  its  two  gradea  of  oxidn- 
tion  and  of  their  correKponding  salts,  are  expi'essed  by  the  position 
occupied  by  this  metal  in  virtue  of  its  atomic  weight  T1^204,  between 
mercury  Hg=200,  and  lead  Pb=:206. 

Gallium,  indium,  and  thallium  belong  to  the  uneven  series,  and  there 
should  be  elements  of  the  even  aerieB  in  the  III.  group  correspond- 
ing with  calcium,  strontium,  and  barium  in  the  II.  group.  These 
elements  should  in  their  oxides  R^O,  present  Iwaic  characters  of  a  more 
energetic  kind  than  those  shown  by  alumina,  just  as  calcium,  strontium, 
and  barium  give  more  energetic  l>ases  than  magnesium,  zinc,  and 
cadmium.  Such  are  yttrvam  and  yll-erbium,  which  occur  in  a  rare 
Swedish  mineral  called  gadolinite,  and  wliich  are  tlierefore  termed 
the  gadolinite  metiils.  To  these  belong  also  the  metal  ianliianum, 
which  accompanies  the  two  other  minerals  cfriuin.  and  didymium  in 
the  mineral  eeriu,  and  which  therefore  belong  to  the  cerite  metals. 
They  all,  and  certain  of  the  metals  accompanying  them,  give  basic 
oxides  R.jOj.  At  first  their  formula  was  supposed  to  bo  RO,  but  the 
application  of  the  periodic  system  recttiired  their  being  counted  as 
elements  of  the  III.  and  IV.  groups,  which  was  also  confirmed  by 
the  determination  of  the  specific  heats  of  these  metuls,*'  and  better 

u  obtAiDfJ  by  cadbionsly  fae&ting  tlifl  Tnebil  in  ft  BLfeua  of  chlorine,  fannB  mn  emifOy- 
fusible  wbito  nuuw,  which  ia  Bolnble  in  wntBr  and  able  tu  pirt  with  twn-tbirds  nt  iU 
chlorine  vben  htmted.  An  lujueoafi  AoLntioa  of  thiH  ukit  yield§  coloarleHB  cryBlalfl  con- 
taining  one  e^aivulenl  of  water.  It  ia  evident  (ram  the  HbovD  thnt  oil  the  thnlHc  MltB 
can  M-Bily  be  reduced  ta  thallollB  imltB  by  reducing  ngeuta  sQch  ah  BulphurouB  uiby- 
dride,  linc,  Arc.  Beudes  tbsee  suits,  thnllic  Bolphnte,  TI^S0,|;,7U.^0,  dinllio  nitnle, 
Tl(NOj)s,4H,0,  Arc,  ore  known.  These  wtlts  ore  decompuied  by  wat«r,  like  the  wlta  «I 
nmny  feeble  biwic  metaJa — for  oiunple,  olnmininm. 

•'  The  apecifio  beat  of  cerium  determined  (IHTO)  by  me,  and  aftflnrards  CDn&imed  by 
Hillebmnd,  ctnreBpondB  with  that  utoiaio  weight  of  ceriam  according  to  which  the  oom- 
pmition  nf  Ino  oiidea  shoold  be  CegOj  Bnd  CeO,.  HiUebnuid  also  obtained  metallic 
lanthannni  and  didymium  by  decotnpaung  their  udt>  by  a  galianio  cuirent,  and  he 
found  their  specific  heats  to  be  near  that  of  eeriuni  and  to  0*M,  and  it  is  tlierafore  juMifl- 
able  to  auribe  Chom  ao  atomic  weight  Di>ar  to  that  of  cerium,  as  woe  done  on  Uie  basia 
of  tlia  perindie  Uw.  Up  to  1870  yttriom  oxide  wis  also  given  the  foiroola  RO.  Hating 
le-detenniDed  the  eqninjent  of  yttrinm  oiide  (with  respect  U>  water),  and  found  it  to  be 
T4'tl,  I  considered  it  neceeaarj  to  also  ascribe  to  it  the  composition  YgOj,  bwauae  then 
it  fails  into  its  proper  place  in  Uie  petiodic  syslem.  If  the  equivalent  of  tlie  oxide  to 
water  ^Ti'B,  then  it  cmtains  GS-O  of  metal  per  16  of  oxygen,  and  couseijnently  nne  part 
by  weight  nf  hydrogen  replaces  aO'll  of  yttrium,  and  if  it  be  rt^arded  as  bivalent  (oiide, 
BO),  then  it  would  not,  by  its  atomic  weight  SHU,  find  a  place  in  the  second  group.  But 
it  it  be  connted  as  trivalent— that  is,  if  the  formula  of  iU  oxids  be  R3O]  and  aUU  RK.^— 
then  V-RS,  and  a  position  is  open  (or  it  in  the  third  groap  in  the  sixth  stries  after  mbi- 
dinm  nnd  strontium.  These  alterations  in  the  atomic  wei^^ta  of  Vae  cerite  and  gadolin- 
ite metnls  were  afterwards  accepted  by  Cleve  and  other  invt»tigatore,  who  now  ascribe 
a  tormula  B.,0,  to  all  the  newly-discovered  oxides  of  these  meMls.  Butstill  the  puaition  . 
in  the  periodic  syntem  of  certain  elomonta — (or  example,  of  hclmium,  thnlinm,  aaraKrium, 
and  oUien — has  not  yet  been  determined  for  want  of  a  sufficient  knowled|{e  of  their  pr»- 
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rtill  by  the  fact  that  Nilson  and  Cleve,  in  their  researchea  on  the 
gHdolinite  metals  (1S79),  discovered  that  they  contain  a  particular  and 
very  nire  element,  gc.aiuiiuin,  which  by  the  magtiitmle  of  its  atotnie 
weight,  Si;^4-l,  and  in  all  its  properties,  exactly  corresponds  with  the 
meUl  (previously  foretold  on  the  Ijaais  of  the  periodic  systeni)  eknboron, 
whose  properties  were  detertiiiii«l  hy  taking  the  cerite  and  gadolinite 
metals  as  forming  oxides  R^O,." 

{■ertiiM  and  (Uie  of  purity.  The  Sfune  must  be  wud  of  nuiium.  the  new  metal  whioh 
aoconiponiea  Ihoriniii  in  tuuuoite,  and  wiu  discovered  in  1989  b;  ChronBtchoff. 

•*  Bo,  Iw  exwnple,  in  iBTl,  in  Ihu  Journal  of  the  Bunaian  Phj/tico-Cheniunl  Socuhj 
{p.  4f>}  uiil  in  Lielng'H  Annaicn,  Bupt.  Band  vilL  lUS,  I  deduced,  on  Uia  buis  ol  Lho 
tWHidiciaw.ui  atomic  weight  1<  forekaboroii,uid  N'ilsuDiii  IHSS  found thotol  aciuidiaDi. 
which  ia  ekmLxiron,  to  be  ac  =  4t'0a.  The  periodic  law  showed  that  the  opecifie  grarit;  of 
tht  elubarou  oiide  voahl  be  ahont  8-5,  that  it  would  have  decided  bat  (eeble  basic  pro- 
pertiea,  and  that  it  would  gire  coIoutIbbs  salts.  And  this  proved  to  be  the  case  in  the 
■fandtuin  Qiide.  lu  deBcribing  scandium,  Cleve  and  Nilaou  acknowledge  that  tbe  par- 
ticuhir  iulwest  attached  to  this  olemeDt  is  due  to  its  entire  identitj  with  the  expected 
vlemMiI  ekaboroa.  And  this  true  loietelliug  of  propertiea  could  only  be  lUtiveil  at  by 
siJinilting  that  alteration  ol  the  atonuc  weights  of  the  oerile  and  gadoLinite  metals  which 
waa  one  of  the  first  pointii  of  the  applioation  of  tlie  periodic  .yBtem  of  the  etemeata  to 
the  abini  of  chemical  [acts.  In  in;  first  mem  oin,  namely  in  the  liullelin  of  the  St. 
Pettnbvrg  Academy  of  Scieiiea,  vol.  viii.  (1S70|,  and  in  Licbig'i  Annalen  (J.  c, 
p.  18B)  and  others  I  particularly  insisted  on  tbe  ueeeBiiity  of  altering  the  then  accepted 
atinuio  weights  of  cerium,  lanthanum  and  didyniium.  Cleve,  HiiKlund,  Hillebrand,  and 
NoTtDD.  and  more  eapecioUy  Brauner,  and  others  accepted  the  proposed  alteration,  coq' 
finned  my  iletcmitnation  of  the  apeciflc  beat  of  cerinm,  and  gave  lre*b  priwfa  in  favour  of 
tbe  propotted  altcratioas  of  the  atomic  weights.  Tbe  study  ot  tbe  fluoridea  wae  paiticn- 
laily  important.  PUcing  oerium  in  the  fourth  grDup,  the  composition  ol  its  highest 
oxide  wonld  then  be  CeO.j,  am)  its  compounds  CeX,,  and  the  lower  oiide  CogOjor  CeSj. 
Braoner  ubtained  tbe  fiaoride  CeF^,H,0  corrcHpondiog  with  the  fini,  and  a  doable  erysta]- 
Une  salt,  SKF,aCeF„SHiO,  without  any  ndmixtLirt]  of  compound  of  the  lower  grade  CeXj, 
a*  is  geaerally  tbe  case  with  tbe  majority  of  salts  corresponding  with  CeX^.  It  will  be 
seen  from  these  formula)  and  from  the  tables  of  the  elements,  that  cerinm  and  didymium 
do  mil  belong  to  tbe  third  group,  which  is  non  being  described,  but  we  mention  them 
now  fur  tile  Hhe  of  convenience,  as  all  the  ceiite  and  godohntte  met^  have  much  in 
rommou.  These  metala,  which  are  rare  in  natare,  resemble  each  other  in  rouiy  raspecln, 
always  accompany  each  other,  ore  with  difficul  ty  ieolatsd  from  uaeh  other,  and  stand  to- 
getlier  in  tbe  periodic  synteni  of  Lhoolemeuta;  they  liave  acquired  apeculiar  interest  awing 
(u  their  haviug  been  the  objects  of  the  study  in  1H70  at  Harignac,  Delalontaine,  Suret, 
Lecoq  lie  Boisbandran,  Brauner,  Cleve,  NiUon,  the  pmfeBson  of  Uptala,  and  othen. 

The  mrite  and  gadulioite  metala  occur  in  rare  ailiceaiu  minerals  from  Sweden, 
Ameriis,  llie  LiraU,  and  Baikal,  such  as  cerite,  gadolinite,  and  orthite )  and  in  yet  rarer 
minerals  formed  by  titanic,  niobic,  and  tantalit  ocide,  such  ae  euenite  iu  Norway  and 
America,  and  uunarskite  in  Norway,  the  Urals,  and  America,  and  in  a  few  rare  Buorides 
and  phosphates.  The  insufficiency  of  material  to  work  upon,  and  the  difficulty  and  corn- 
plenty  of  the  separation  ol  the  oxideH  from  each  other,  are  the  ohief  reasos  why  their 
oompiHiitian  i*  to  imperfectly  known.  Cerite  is  tbe  moet  ncceseible  of  these  minerals. 
~      '        -■     ■  ^  ^]J^J|  JO  p  ,,  gf  (]^  Qiides  of  ceriu 
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The  brevity  of  this  work  and  the  great  rarity  of  tlie  above 
elements  will  give  me  the  right  to  exclude  their  de^icriptlou,  all  the 
more  aa  the  principles  of  the  periodic  systeni  enable  many  of  their 

ij^itwl  in  tlie  sir  the  cerium  paBses  Irom  its  □rdiiiU7  oxide  Ce^Oj  into  tlie  liigher 
oiida  CeO],  which  it  (o  (Beble  ft  bau  that  ila  ulta  are  decompiwed  by  VMbsr,  and  it  is 
iiuolnlila  !n  dilate  nitric  Mid.  Theietore  it  ia  jlIwajb  possible  to  remoTe  kll  the  ceHam 
aiida  bj  repeated  ijctiitiDna  und  Botationa  in  aalphoric  add.  Tbe  further  separation  of 
the  metals  is  loainiy  bauid  on  loar  methods  employed  by  manir  inreritigators. 

(a)  A  solation  dF  the  mixed  natts  is  trea,tad  with  an  aicess  of  solid  polaawum  salpiiate. 
Doable  salts,  ancb  Ce,(S04),.SK,S0,,  ore  thas  Farmed.  Tlie  gadolimte  luetaU. 
namelj'  yttrlam,  jrtterbinm,  and  erbiniD,  then  remain  in  solabon — thut  is,  their  doable 
aaits  are  salable  in  ■  solution  ol  potnuinin  BDlpha.te,  whilst  the  oerite  ineUls— luunely, 

iDBolnble  in  a  BHtnrnted  sulntion  ol  potaiuiam  sulphate.  Thie  ordinajy  method  of 
BOparatinn,  howevar,  appears  rroni  the  reBeaiohes  of  Mariguac  to  be  so  nntrtistirorthy 
that  a  considerable  amount  of  didyminm  and  the  other  metals  remain  in  the  solabls  por- 
tion, owing  to  the  fact  tlut,  (.Uhoagh  indiTidnall;  insoluble,  they  are  diiiaoU-ed  when 
miied  together.  Thus  erbinm  and  terbium  occur  both  in  the  wlutioQ  and  precipitate. 
Neverthelesa,  beryllium,  yttrium,  erbinm,  and  ytl«rbinm  belong  to  the  soluble,  uid  scan- 
dium, cerlnm,  lanthanum,  dtdymium,  and  thorium  tobhs  insoluble  portion.  Theinsoloble 
(in  a  solution  of  potassium  sulphate)  salt  of  scandium.  For  example,  has  a  composition 
80a(aO,)j,3K.;9O4. 

(b)  The  oxides  obtained  by  the  ignitian  of  the  oiolatea  are  dissolTed  in  nitric  odd  (tlie 
nitrates  of  the  cerite  metals  easily  Form  double  salta  with  those  of  the  alkali  metals,  and 
some— for  example,  the  ammonio-lnnthonnm  salt — erystallise  very  well ;  they  should  be 
Btudie  j  and  applied  to  the  analytical  separation  of  these  metals),  the  solution  is  then 
evaporated  to  dryness,  and  the  residne  fus^  All  nitrates  ore  destroyed  by  heat  i  those 
salts  of  aluminitini  and  iron,  Ac,  very  easily,  (be  salts  of  the  cerite  and  gndnlinite  metals 
also  easily  (iklthongb  not  se  easily  as  the  abore),  but  in  different  degrees  and  sflqueDc« ; 
so  that  by  carrying  the  decomposition  from  the  beginning  it  is  possible  to  destroy  tlie 
salt  of  only  one  metal  without  touching  the  athera,  or  leaving  them  as  soluble  basic  salts. 
This  method,  like  the  preceding  ood  the  two  following,  mast  be  repealed  as  many  as 
serenty  timea,  in  order  to  attain  an  in  aas  way  constant  product  of  fixed  prnpertieBi  that 
one  in  which  the  decnmpoBsd  and  nndeoompoeed  pnrtions  wonid  contain  one  and  the  soma 
oxide.  Tbismethod,  due  to  Berlin  and  worked  oat  fay  BuDsen,  has  given  in  the  luuids  of 
Marignac  and  Nilson  the  best  results,  especially  Far  the  separation  of  the  godoliiute 
me  tills,  ytterbium  and  ncondiui 


the  salts  is  partially  pr«;ipitaled  (fractional  precipitation) by  ammonia ; 
that  is,  tbe  solution  >a  mixed  with  a  small  quantity  oF  anunouia  Insufflcieut  (or  the  pre- 
cipitation of  the  entire  quantity  of  the  bases.  Thus,  the  didymium  hydroxide  Is  first 
preoipitated  From  a  miitore  of  the  HHlts  of  didytaium  and  lanthanum.  A  poifol  sepa.- 
ration  may  be  arrived  at  by  repeating  the  aitlutinn  of  the  prodpitote  and  fractional 
precipitation,  but  a  perfectly  pure  product  is  eearcely  possible. 

(if)  Tlie  formateH  having  different  degrees  of  BolnfaiHty  (lanthannm  formate  13(1  parts 
of  water  per  one  oF  salt,  didyiaiuai  forma.lo  am,  cerium  formate  SBO,  yttrium  and  erbium 
formates  easily  soluble)  give  a  poBBibliity  of  separating  certain  of  tbe  godohnite  metolu 
from  each  other  by  a  method  of  [ractionaJ  aolotion  and  precipitation,  as  Bnooen,  Bohr, 
Cleve,  and  others  pointed  out. 

The  beat  method  of  separating  these  metals  is  not  known,  for  they  are  so  tike  each 
other.  There  are  also  only  a  few  melkadi  of  diltinguiihins  them  from  each  other,  and 
we  can  only  add  the  Following  Four  to  the  above. 

•  Tbe  lacolty  of  oxidising  into  a  highnr  oiide.    This  is  very  characterit 
which  gives  the  oxides  Ce,Oj  and  CeO.j  or  Ce-fi^.     Didymium  also  gives 
oxide.  DijO],  which  is  oapable  of  forming  salts  (of  a  liloe  colour),  and  another,  acoordlng 
to  Brauner,  DiiOj  which  is  dark  brown  and  does  not  form  salts,  u  f ar  as  ia  known,  and 
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!  to  be  foreseen,  and  as  their  pruL-tical  uses  (cerium  oxalate 
medicine,  und  didjraium  oxide  in  the  manufacture  of  glats) 

liHing  agent,  like  tliB  liiKlier  oiideg  of  tellariam. 
nnin,  yttnnni,  and  mnay  olben  are  not  capable 
e  higher  oiiden  may  Iif  recogniinl  bj  igniCinn  in 
I  the  biglieioiid«B  iirHivdoced  tatbe  lower,  which 


which  (like  oeric  oxide)  acti 
manganeae.  lead,  and  other 
of  anch  oxidation.  The  prei 
a  atream  of  hydrogen ;  by  w' 
then  remain  DDalttred. 

»  The  majority  of  tlie  ii 
tboae  of  didymiiim  and  eibii 
CeX,.  yellow,  of  the  higher 
lained  train  gadolinitc 
•alta.    AftenratdH  it « 
colonrleaa 


>  of  the  gndoliiiito  and  cerite  motali  ore  ooIonrlesB,  bat 
I  are  roie-coloared,  the  nalts  of  tlie  higher  oiide  of  cerinm, 
Hide  of  lerbioni,  yellow,  &c.  Than,  tlie  first  melala  ob- 
re  yttriam,  giving  cotnncWH,  wid  ctbiani,  giriog  roae-eoloared, 
(land  that  tlie  salt*  of  erbiomof  former  in Testiga ton  eoatained 
ol  aoandium,  ytterbium,  &c,,  ao  that  a  coloratioD  aometimei 
detetnuoea  the  presence  of  a  unall  impurity,  aa  waa  long  known  to  be  the  caae  in 
minerala,  aiid  therefore  thia  point  of  diatinction  cannot  be  contidered  tra«tworthy. 

'  In  a  aolid  atate  and  in  aolntiona,  the  aa]ts  of  didymiDoi.  uunaciDm,  bulminmi  &B., 
give  chatacl«[iatie  ahaurplion  spectra,  as  we  pointed  in  Chop.  XIII„  and  this  natnrally  i* 
connected  with  the  colour  of  Uieae  salts.  The  moat  important  point  is,  Umt  those  raelaU 
which  do  not  give  an  abaorption  spectrum — for  eismple,  Unlhannm,  yttrium,  aoandium, 
and  ytterbiam— may  lie  obtained  free  from  didymium,  samarium,  and  the  other  metals 
giTiug  absorption  spectra,  because  the  prcseuoe  of  the  latter  may  be  easily  mcogniaed 
by  means  of  the  spedmscope.  whilst  the  presence  of  the  former  in  the  latter  cannot  be 
diatinEBiabed.  and  therefore  the  pnrification  of  the  former  can  be  carried  farther  than 
that  of  the  latter.  We  may  further  remark  that  the  aensitivenesa  of  the  ipectnun 
reaction  tor  didymium  is  ao  great  that  it  is  posaiWe  witli  a  layer  of  aolation  half  a  metro 
thick  to  recognise  the  presence  of  1  part  of  didymium  oxide  (aa  aalt)  in  40000  parte  of 
water.  Cosaa  determined  the  presence  of  didymium  (together  with  cerinm  and  lanthanum) 
in  apatites,  limeatones,  bones,  and  the  ashes  of  plnnts  by  thia  method.  The  main  group 
of  diaik  lines  of  didymium  correspond  with  ware  lengths  of  from  SBO  to  5T0  millionths 
nun. ;  and  the  teoondary  to  about  S30,  780.  ISO,  Ac.  The  chief  absorption  bands  of 
sunariam  are  <Tfl-IB6,  III,  iiOII,  and  SSO.  Besides  which,  Crookes  applied  the  inveatiga. 
tion  of  the  apectra  of  the  phoaphoreacent  light  which  ia  emitted  by  certain  earths  in  an 
almost  perfwt  vaeuDm.  when  an  electric  discharge  ia  passed  throngh  it,  to  the  discovery 
and  diatinctjon  of  these  rare  metals.  But  it  would  seem  that  the  smalieBt  admiitare  of 
other  oxides  (for  example,  biamuth,  oratiioni)  ao  powerfully  influences  theae  apectra  that 
Ibc  radical  distinctions  of  the  oxides  cannot  be  aeized  by  thia  method.  Beaides  which, 
the  aptwtra  obtained  by  the  passage  of  sparka  through  Bolotions  or  powders  of  the  salts 
are  determined  and  applied  tu  diatingniahing  the  elements,  but  aa  spectni  vary  with  the 
lemperature  and  elasticity  (concentration)  thia  method  cannot  be  conaidend  as  Crnil- 

■  The  moat  important  point  of  distinction  of  individaal  metallic  oxides  is  giren  hy 
Iha  direct  litlsrminalion  uf  their  gquivaUnI  irith  reipecl  to  valor — tliat  ia,  the  amount 
of  the  oxide  by  weight  which  tombines  (like  water*  with  rso  parts  by  weight  of  aulpborio 
anhydride,  BO],  for  the  formulioii  of  a  normal  salt.  For  this  purpoae  the  otideis  weighed 
and  dissolved  in  nitric  acid,  sulphuric  acid  ia  then  s^ded.  lUid  the  whole  ia  svapirrated 
to  dryness  over  a  waler-hslh  and  then  heated  over  a  naked  Haine  sofHciently  strongly 
to  driTe  oil  the  excess  of  sulphnrio  acid,  but  not  sufficiently  ao  to  decompose  the  salt 
(tha  salt  would  then  not  be  perfectly  soluble  in  irater) ;  then,  knowing  the  weight  of  the 
oxide  and  of  tlie  anhydrous  sulphate,  we  can  find  the  equivalent  of  (he  oxide.  The 
following  are  the  most  truatwortby figures  in  this  respect:  acandinm  oxide 461tS (Nil son), 
jtbriam  niide  73*7  (Cleve ;  according  to  my  determination,  1871 — 7i'0),  n 


ia,  tbo  lower  form  of  oxidatioi 
Br»sn*r,  and  others)  from  lOt)  tc 
nam  oxide,  according  to  Bnioner, 
n  id  oxidation]  about  111  (Mai 


if  cerium,  according  to  ri 
"1,  Che  highor  oxide  of  < 


nTest^tars  (Bur 


oxide  about  110 
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are  very  limited,  by  reason  of  their  great  rarity  in  nature,  and  the 
difficulty  of  separating  them  from  one  another. 

(Cleve),  ytterbinm  oxide  ISl'S  (Nikon).  It  may  not  be  superfloous  to  here  turn  attention 
to  the  fact  that  the  equivalent  of  the  oxides  of  all  the  gadolinite  and  cerite  metals  for 
water  distribute  themgelves  into  four  groups  with  a  somewhat  constant  difference  of 
nearly  80.  In  the  first  group  is  scandium  oxide  witii  equivalent  45,  in  the  second,  yttrium 
oxide  76,  in  the  third,  lanthanum,  cerium,  didymium,  and  samarium  oxides  with  equiva- 
lent about  110,  and,  in  the  fourth,  erbium,  ytterbium,  and  thorium  oxides  with  equivalents 
about  181.  The  common  difference  of  period  is  nearly  45.  And  if  we  ascribe  the  type 
KjOj  to  all  the  oxides — that  is,  if  we  triple  the  weight  of  the  equivalent  of  the  oxide — we 
shall  obtain  a  difference  of  the  groups  nearly  equal  to  90,  which,  for  two  atoms  of  the 
metal,  forms  the  ordinary  periodic  difference  of  46.  If  one  and  the  same  type  of  oxide 
H2O3  be  ascribed  to  all  these  elements  (as  now  generally  accepted,  thece  in  many  cases 
being  insufficiently  trustworthy  data),  then  the  atomic  weights  should  be  Se  »  44,  T  =  89, 
La  =  188,  Ce  =  140,  Di«144,  Sm»150,  Yb»17S,  also  terbium  147,  holmium  162,  alpha- 
yttrium  157,  erbium  166,  thulium  170,  decipium  171.  But  it  must  be  observed  that  if 
thorium  were  counted  as  giving  an  oxide  R9O3,  then  its  atomic  weight  woald  be  174,  and 
then  there  would  be  no  other  place  in  the  system  of  the  elements,  except  that  occupied 
by  ytterbium.  Besides  which,  it  may  be  an  instance  of  basic  salts.  If,  for  example,  an 
element  with  an  atomic  weight  90  gav«  an  oxide  RO3,  hot  salts  ROX2,  then  by  counting 
its  oxide  as  H2O5  its  atomic  weight  would  be  159. 

All  the  points  distingnishing  many  gadolinite  and  cerite  elements  have  not  been 
sufficiently  firmly  established  in  certain  cases  (for  example,  with  decipium,  thulium,  hol- 
mium, and  others).  At  present  the  most  certain  are  yttrium,  scandium,  cerium,  and 
lanthanunt.  In  the  case  of  didymium,  for  example,  there  is  still  much  that  is  doubtful. 
Didymium,  discovered,  in  1842,  by  Mosandsr, after  lanthanum,  differs  from  the  latter  in 
its  absorption  spectrum  and  the  lilacrose  colour  of  its  salts.  Delafontaine  (1878)  sepa- 
rated samarium  from  it.  Welsbach  showed  that  it  contains  two  particular  elements 
neodymium  and  praseodymium,  and  Becqnerel  (1887),  by  investigating  the  spectrum  of 
crystals,  recognised  the  presence  of  six  individual  elements.  Therefore,  probably  many 
of  the  now  recognised  elements  contain  a  mixture  of  various  others,  and  as  yet  there  is 
not  enough  confirmation  of  their  individuality.  As  regards  yttrium,  scandium,  cerium, 
and  lanthanum,  which  have  been  established  without  doubt,  I  think  that,  owing  to  their 
great  rarity  in  nature  and  chemical  practice,  it  would  be  superfluous  to  describe  them 
further  in  so  elementary  a  work  as  the  present 
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SILICON    ASn   THE   OTHF.lt   BLBMEST8   OF   THE   FOriiTH   nBOUP 

Cahbos,  which  gives  the  componmla  CH,  and  CO.j,  belongs  to  the 
fourth  group  of  elements.  The  nearest  element  to  carbon  in  Hiicon, 
which  forniB  the  conipouiidB  SiH,  and  SiOj  ;  its  relation  to  carbon  is 
like  that  of  aluminium  to  boron  or  phosphnrua  to  nitrogen.  As  carbon 
composes  the  principal  and  moat  essential  pnrt  of  auimaj  and  vegetable 
substances,  so  ia  eilicon  almost  an  inentable  component  part  of  the 
rocky  formations  of  the  earth's  crust,  Silicon  hydride,  SiH „  likeCH^, 
has  no  acid  properties,  but  silica,  SiO^,  shows  feeble  acid  properties  like 
carbonic  anhydride.  In  a  free  state  silicon  is  also  s  non-voliitile, 
slightly  energetic  non-metal,  like  carbon.  Therefore  the  form  and 
nature  of  the  compounds  of  carbon  and  silicon  are  very  similar.  In 
addition  to  this  resemblance,  silicon  presents  one  exceedingly 
important  distinction  from  carbon ;  namely,  the  higher  degree  of 
oicidatiou.  That  is,  silica,  silicon  dioxide,  or  silicic  anhydride,  SiOg,  is 
a  solid,  nonvolatile,  and  esceedingly  infusible  substance,  ver)'  unlike 
cftrbonic  anhydride,  CO.j,  which  is  a  gas.  This  expresses  the  essential 
peculiarity  of  silicon. 

The  cause  of  this  distinction  may  be  most  probably  sought  for  in 
the  polymeric  composition  of  silica  compared  with  carbonic  anhydride. 
The  molecule  of  carbonic  anhydride  contains  CO,,  as  seen  by  the 
density  of  this  gas  ;  whilst,  on  the  contrary,  it  can  be  hardly  possible 
that  the  density  of  the  vapours  of  silica,  if  it  were  to  evaporate,  would 
correspond  with  the  formula  SiO„  it  may  be  imagined  that  it  would 
correspond  to  a  far  higher  atomic  weight  of  Si„0(„,  principally 
from  the  basis  that  SiH,  is  also  a  gas  like  CH„  SiCI,  is 
also  a  liquid  and  volatile,  boiling  at  67° — that  is,  even  lower 
than  CCI4,  which  Iwils  at  T(i°.  In  general,  analogous  compounds  of 
silicon  and  carbon  have  nearly  the  same  boiliog  points  if  they  are 
liqQid   and  volatile.'     From  this   it    might  be  expected   that  silicic 
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anhydride,  SiO,,  would  be  a  gas  like  carbonic  anhydride,  whilst  i 
reality  silica  is  a  hard  non-volatile  substance,  and  therefore  it  may  with 
great  certainty  be  considered  that  in  this  condition  it  is  polymeric  with 
SiO;,  as  on  polymerisation — for  instance,  when  cyanogen  passes  into 
paracyanogen,  or  hydrocyanic  acid  into  cyanuric  acid  (Chapter  IX.) — 
very  frequently  gaseous  or  volatile  substances  change  into  solid,  non- 
volatile, and  physically  denser  and  more  complex  substances.^  On 
account  of  this  polymerisation  of  silica,  and  its  diffusion  and  significa- 
tion in  Dature,  we  will  first  make  acquaintiince  with  free  silicon  and  its 
volatile  compounds,  as  substances  in  which  the  analogy  of  silicon  with 
carbon  is  eIiowd,  not  only  in  a  chemical  but  also  in  a  physical  sense.' 

kt  abont  120°  ;  ethjl  orthmilicata.  Si(OC,H.0i,  boils  at  160°,  and  ethjl  onhocubonate. 
C|0C,H,)4.  at  15H';  that  is.  generall;  Kpeaking,  the  componndB  of  silicon,  if  the;  ale 
ToUtile,  boil  Kt  simtlur  or  lower  teinperatniea  than  the  oompounds  o(  carboD.  Their 
BpeciGo  Tolnmes  in  a  liquid  atate  are  olao  nearly  oqiml— that  in,  thoaa  of  the  ailicon  com- 
pounds generallf  ate  >tigUtl]r  greater  tbim  those  of  the  carbon  oomponnds  (hence  they 
boil  atlower  temperalnnn] ;  [or  euunple,  the  lolumea  of  CClt='S(,  8iCI,^113.  CHCIj 
^81.  SiHCIj^lta,  of  C(0C,Hj),^le6,  and  Si(OC,Hj)t^30I.  The  coiTespondLng  aalta 
hare  alw)  nearly  cqoal  specific  Tolnmea;  for  eiamplB,  CaCO,=87,  CaSiOj  =  41.  It  i« 
impoHible   to   compare   SIOi  and   CO9,  becaase   their  physical  stateii    ace   to  wide); 

'  A  property  of  intercombination  iB  ohsen-able  in  the  atoms  of  carbon,  and  a  faculty 
tor  intercombination,  or  polymerisation,  is  aLw  seen  in  tlie  nnaatuiUiid  hydmcarbons 
and  carbon  coinpoDDda  in  general.  In  uilicon  a  property  of  dio  same  natare  it  funnd  Co 
be  pBttioalarl)'  developed  in  lilica,  SiO),  which  is  not  the  case  with  carbonic  anhydridr. 
The  faculty  of  the  molecules  of  ailio*.  for  combining  both  with  other  molecules  and 
among  themselves  is  eipreased  in  the  lormstion  of  most  varied  compounds  with  bases, 
in  the  formation  of  hydrates  with  a  gradnoUy  decreasing  proportion  of  water  down  to 
anhydrous  ailica,  in  the  colloid  nalnre  of  the  hydrate  [the  molecnlea  of  colloids  are 
always  complex),  in  the  formation  of  poljnienc  ethomol  saltH.  and  in  many  other  poinla 
which  will  be  considered  in  the  seqael.  Having  come  La  the  conclusion  lu  to  the  poly- 
meric itato  of  silica  since  tlte  years  IBSO-llteO,  I  have  (ound  it  ia  he  cooflrmed  by  all 
Bubwqnent  researches  on  the  compounds  of  silica,  and.  if  I  mistake  not,  this  liew, 
partially  enunciated  by  Graliiunilias  now  been  aocepted  hy  many. 

An  polymerisation  is  always  accompnnied  by  an  incroaBe  in  ilenaity,  not  only  in  a 
gBseons  bat  also  in  a  liquid  and  solid  state  (for  eiample,  the  density  of  bensene,  C,H«, 
is  less  than  that  ol  cinnamrne,  ChH«.  or  ditolyl,  Ci^Hi,),  the  comparatively  high  density 
of  sUioB  confirms  to  a  certain  eitent  tlie  view  an  to  its  polymerised  state.  Indeed,  a 
cloH  agreement  is  observed  on  comparing  the  specific  volumes  of  the  corresponding 
oompounds  of  carbon  and  silicon  ;  for  euunple,  the  specific  volume  of  chloroform,  CHCIj, 
i*  about  61  (according  tn  Thorpel,  and  of  silicon  chloroform  about  B9  IBnff  and  Wobler), 
and  the  volume  of  CBrbonic  anhydride  in  a  hquid  state  is  sbont  i6,  and  in  a  solid  form 
it  is  naturally  less,  although  not  greatly  so.  whilst  the  specific  volume  of  silica  in  an 
unorphoos  state  (ap.  ijT-  =!1'9)  is  ST,  and  in  the  form  of  quortx  (np.  gr. -906)  lens  than  3S. 

1  It  was  only  after  Geihardt,  and,  in  general,  lubsequently  to  the  establishmsnt  of 
the  true  atomic  weights  of  the  elements  (Chapter  VII.),  that  a  true  idea  of  the  atomic 
weight  of  silicon  and  of  the  composition  of  silica  was  arrived  at  from  the  fact  that  the 
moleoaies  of  SiCI,,  8iF4,  Si(OC)Bj)t,  &i>.,  never  contain  less  than-3B  parts  of  silicon. 

The  question  n/ fA«  compoiition  of  lilica  was  long  the  anliiect  of  the  most  contra- 
dictory statements  in  the  history  of  science.  In  the  last  century  Pott,  Bcrgmano,  and 
Scheele  distingaished  silica  from  alumina  and  Ume.    In  the  beg'liuuna  ol  the  preBODt 
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Free  silicon  is  obtained  in  the  amorphous  and  crystalline  states. 
Amorphous  silicon  is  produce<1,  like  aluuiiniuni,  hy  decomposing  the 

crntarr  Smichaon  tor  the  flrsl  time  vsptefsei  tlie  ofin'O"  thst  «i1ica  won  an  acid,  and 
the  minenli  o[  rocks  siJlii  aF  lliia  ikciil,  B>>i-ie1iu.a  determined  Ihe  preaenee  ot  oxygen  in 
eilicft — DatDely,  thai  S  partii  cif  oiyfien  were  anited  with  7  of  eilicon.  Tbe  composition  o( 
silica  waa  first  eipreaaed  aa  SiO  (and  [or  the  oske  ol  ahorbneaa  3  on)]'  WM  wnnetiinea 
Kritten  inBtead).  An  m\-estigiilion  in  the  amonnt  ot  silica  preaeut  in  i^ryatalline  minerals 
ihowed  that  the  oraDOnl  ot  oxygen  in  the  baaea  Twars  B  very  varied  proportion  to  the 
omoDDt  ot  oxygen  in  the  oiltca,  and  that  thie  ratio  voriee  from  3  ;  1  to  1  :  3.  The 
ratio  1  1 1  is  olao  met  with,  bat  the  majority  o[  tbeae  nimerala  oro  rare.  Other  more 
common  minerale  contain  a  larger  proportion  of  Bilita.  the  raUo  betnuen  the  oxygen  ri! 
tbe  baaea  and  the  oxygen  o(  Uie  ailica  being  equal  to  I  :  3,  or  abont  tliia ;  anch  ore  the 
itngilea,  labradoritea,  oligoclaee,  talc,  Sc.  The  higher  ratio  1 :  a  ia  known  for  a  widely- 
iliatribnted  aerioa  of  natarsl  ailicatea — toroamplu,  the  telapors.  Thoaeeilicates  in  which 
the  amount  of  oxygen  in  the  baaea  i*  equal  to  that  in  the  ailica  are  termed  nonoiilicalai  ; 
their  general  formula  will  ho  lRO).,8iO,  or  (R,OiJ,(BiO(],.  Those  in  which  the  ratio  of 
the  oxygen  ia  equal  In  1 :  3  ore  termed  builirnCe;  and  their  general  lormnla  will  ba 
BOSiOt  or  RgOj^SiO,)!-  Those  in  which  the  ratio  >s  1  :  3  will  be  Iriiilicalei,  and  theit 
general  formula  (RO)5(8iOilj  or  (R50,,),(SiO,),. 

In  these  lormulie  tbe  now  eeCablialied  coinpoHilion  of  SlOg— that  ia,  that  in  which  the 
atom  uf  8i  1^  3S — it  employed.  Benelina,  who  made  an  accurate  anolysia  ol  the  coiDpoeition 
ot  febpar,  and  recognised  it  as  it  triailicate  farmed  by  the  union  ot  polaaaium  oxide  and 
•lomina  with  ailicu,  in  jaet  the  tome  manner  bb  bhe  aluma  ore  formed  by  aulphnric  acid, 
gaTB  eilica  the  aame  lormnla  aa  nilphiiric  snbydride— that  ia,  SiOj.  In  tU*  caae  the 
lormnla  of  felspar  woold  be  eioctly  aimilor  to  that  of  Uie  aluma— that  ia,  KAlISiO,),, 
like  tlM  oloma,  KA1(80,),.  If  tbe  compaeition  of  silica  be  represented  aa  SiO„  then  the 
ktmn  of  silicon  most  be  recognised  on  equal  to  13  (it  0  =  15;  or  if  0-8,  as  it  was  before 
Ukan  tobe.Si-ai). 

The  former  tonoolB  of  ailica,  SiO(9i  =  14)  and  BiOj|Bi''4a),  were  flrst  changed  into 
tlieiicmantone,  SiO,(Si'>9e|,  on  the  basis  of  tlie  following  ailments :~An  oiceas  of 
■iliesoDciirB  in  nature,  and  in  ailiceousrocka  free  silica  ia  generally  found  side  by  side  with 
Uui  silicates,  and  one  is  therefore  led  to  iLe  conclusion  that  it  haa  formed  acid  salt*. 
Thetelore  it  would  be  untrue  to  conaider  tbe  trisihoatea  ae  normal  salts  of  silica,  for  the  j 
oiinlain  Ihe  largest  proportion  of  aitica;  it  ia  much  better  to  admit  another  formal* 
with  a  amoller  proportion  ot  oiygeu  for  silica,  and  it  then  appears  (hat  the  majority  of 
mlneiml*  are  normal  or  slightly  basic  solta,  whilat  some  ot  the  minenls  predotninating 
tn  uriare  contain  an  excess  of  silica— that  is,  belong  to  the  order  of  add  salts. 

Al  tbe  prtAent  time,  when  there  is  a  general  methodfChapCerVn.)  for  the  determina- 
tion of  atomic  weights,  the  volumes  of  ihe  volatile  compounds  of  silica  show  that  its 
■4«nic  weight  3i<=fi8,  and  then  silica  is  SiO,.  Thna.  tor  example,  the  vapour  density  of 
oilioon  chloride  with  respect  to  air  ia,  as  Duuuui  ehowed  |1H6:2),  GDI,  and  hence  with 
Meped  to  hydrogen  it  is  (!BS,  and  conaeqaently  its  molecalor  weight  will  be  171  (instead 
U  170  u  per  theory).  This  weight  conlsins  3H  puts  ot  gilioon  and  Hi  parts  of  chlorine, 
ami  w  *a  atom  of  the  latter  ia  ei}aal  to  3fi  G,  the  molecale  of  silicon  chloride  coutiane 
f  iClj.  Al  two  atoms  of  chlcrine  an  equivalent  to  one  ot  oxygen,  the  comiiOHition  ol 
■iliea  will  be  i'iO]— that  in,  the  acme  as  stannic  oxide,  SnOg,  or  titanie  oxide,  TiO^,  and 
ibcEke.  and  also  aa  carbonic  and  sQlpburooa  anhydrides,  COiandSO,.  Bat  ailica  bears 
but  Uttle  phyaical  resemblance  to  tbe  latter  compounds,  whilal  ataunic  and  titannic 
oridMRMUnbleHlicabotb  pfayalcolly  and  chemically,  They  are  non- volatile,  cryatalhne, 
Baobible,  are  coUoida,  also  form  feeble  acids  like  silica,  &n.,  and  thorelore  tbey  might  be 
npected  to  tomi  anatogoQa  compoutida,  and  be  iaomorphous  with  silica,  as  Harigiuu 
(IHSt)  toDod  actually  to  be  tbe  cane.  He  obtained  staniioHuoridea,  lor  example—an  easily 
•olnlile  aUontiam  salt,  SrSnP„9IL,0.  corresponding  with  the  already  long  known  silico- 
fsoridw,  mcb  >•  SrSiF«,SH^.     Both  these  sal'.s  ore  perfectly  aimiUT  in  cryalalline  form 
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double  fluoride  of  sodium  and  silicon  (sodium  silicofluoride)  by  means 
of  sodium  : 

Na^SiFg  +  4Na=6NaF  +  Si. 

By  treating  the  mass  thus  obtained  with  water  the  sodium  fluoride  may 
be  extracted  and  the  residue  will  consist  of  brown,  powdery  silicon.  In 
order  to  free  it  from  any  silica  which  might  be  farmed,  it  is  treated 
with  hydrofluoric  acid.  This  silicon  powder  is  not  lustrous ;  when 
heated  it  easily  ignites,  but  does  not  completely  bum.  It  fuses  when 
very  strongly  heated,  and  reminds  one  of  carbon.  Crystalline  silicon  is 
obtained  in  a  similar  way,  but  by  substituting  an  excess  of  aluminium 
for  the  sodium  : 

SNaaSiFe  +  4Al=6NaF  +  4  AIF3  +  3Si. 

The  part  of  the  aluminium  remaining  in  the  metallic  state  dissolves  the 
silicon,  and  the  latter  separates  from  the   solution  on  cooling  in  a 
crystalline  form.     Tlie  excess  of  aluminium  after  the  fusion  is  removed 
by  means  of  hydrochloric  acid  and  hydrofluoric  acid.     Silicon  obtained 
by  means  of  aluminium  has  a  laminar  crystalline  structure.     The  best 
silicon  crystals  are  obtained  from  molten  zinc ;  15  parts  of  sodium 
silicofluoride  are  mixed  with  20  parts  of  zinc  and  4  parts  of  sodium, 
and  the  mixture  is  thrown  into  a  strongly-heated  crucible,  a  layer  of 
common  salt  being  used  to  cover  it  over ;   when  the  mass  fuses  it 
is   stirred,  cooled,  treated  with  hydrochloric  acid,  and  then  washed 
with  nitric  acid.     Silicon,  especially  when  crystalline,  like  graphite  and 
charcoal,  does  not  in  any  way  act  on  the  above-mentioned  acids.     It 
forms  blsM;k,  very  brilliant,  regular  octahedra  having  a  specific  gravity 
of  2*49  ;  it  is  a  bad  conductor  of  electricity,  and  does  not  bum  even  ini 
pure  oxygen.     The  only  acid  which  acts  on  it  is  a  mixture  of  hydro- 
fluoric and  nitric  acids  ;  but  caustic  alkalis  dissolve  it  like  aluminium, 
with  evolution  of  hydrogen,  thus  showing  the  acid  character  of  silicon. 
In  general  silicon  strongly  resists  the  action  of  reagents,  as  also  do 
boron  and  carbon.     Crystalline  silicon  was  obtained  in  1855  by  Deville, 
and  amorphous  silicon  in  1826  by  Berzelius.^ 

(monoclinic ;  angle  of  the  prism,  88  for  the  former  and  84  for  the  latter ;  inclination  of 
the  axes,  108^  46'  for  the  latter  and  108°  80'  for  the  former),  as  they  are  also  similar  in 
composition — that  is,  they  are  isomorphous.  We  may  here  add  that  the  specific  volume 
of  silica  in  a  solid  form  is  22'0,  and  of  stannic  oxide  21*5. 

*  It  is  very  remarkable  that  silicon  decomposes  carbonic  anhydride  at  white  heat, 
forming  a  white  mass  which,  after  being  treated  with  potassiam  hydroxide  and  hydroflaoric 
acid,  leaves  a  very  stable  yellow  substance  of  the  formula  SiCO,  which  is  formed  according 
to  the  equation,  8Si  +  2CO2  =  Si02  +  2SiC0.  It  is  also  slowly  formed  when  silicon  is  heated 
with  carbonic  oxide.  It  is  not  oxidised  when  heated  in  oxygen.  A  mixture  of  silicon  and 
carbon,  when  heated  in  nitrogen,  gives  the  compound  SisQiN,  which  is  also  very  stable* 


SILICON  AND  THE  OTHER  ELEMENTS  OF  THE  FOrRTH  GROUP   97 

1  hydride,  SiH„  analogous  to  marsh  gna,  wna  obtained  first 
of  all  in  an  impure  state,  mised  with  hydrogen,  by  two  methods  :  by 
the  Action  of  an  ulloy  of  silicon  and  magnesium  on  hydrochloric  acid,^ 
and  by  the  action  of  the  galvanic  current  on  dilute  sulphuric  acid,  using 
e)ectro<le3  of  alununium,  containing  silicon.  In  these  cases  silicon 
hydride  is  set  free,  together  with  hydrogen,  and  the  presence  of  the 
hydride  is  shown  by  the  fact  thut  the  hydivjgen  separated  ignit«s 
spontaneously  on  coming  into  contact  with  the  air,  forming  water  and 
silica.  The  formation  of  silicon  hydride  by  the  action  of  hydrochloric 
acid  on  magnesium  silicide  is  perfectly  akin  to  the  formation  of 
phosphuretted  hydrogen  by  the  action  of  hydrochloric  acid  on  calcium 
phosphide,  to  the  formation  of  hydrogen  sulphide  by  the  action  of 
acids  on  many  raetFillic  sulphides,  and  even  to  the  formation  o£ 
hydrocarbons  by  the  action  of  hydrochloric  acid  on  white  cast  iron. 
On  heating  silicon  hydride— that  is,  ou  passing  it  through  an  incandes- 

Od  thia  buie  Schlitienbergpr  recognius  a,  gronp,  CjSi],  u  cnpible  of  oombinhig  irith  Oj 
aud  N.  like  C, 

S  Thia  alloj,  u  Bekaloff  and  CherikoB  Bhowed,  i«  aiwilj  oblnined  by  directlj  he&'.ing 
Bnalj-divided  >ilica  Ithe  eiperimenl  may  be  condueted  io  n  lP»t  tobol  with  magaeEiDm 
pcnrdar  (Chapter  XIV.  Notes  IT,  If).  The  anbiUncfl  tomied.  when  thrown  iota  a  mlii- 
tioaol  hydrochlonc  acid.evolFes  ■pontAneoiiilji'  infliunmable  iind  impure  Hilicon  hydride, 
aothal  the  aell-inRammiibilit;  ot  the  gsii  is  ea«ily  demaiiRtrated  by  IhiH  means. 

In  ISSO-ea  Wohter  and   Boll  obtained  an  eOloy  of  ailicnn  unci   miLfcneaium  by  the 

and  •odium  chloride.  The  aodiuin  then  ainmltaneoasly  redncea  tho  ailicim  and 
mwncuum. 

Fri»del  and  Ladocbnr^  subsequently  prepul-ed  ailicon  hydride  in  a  pure  state,  and 
■liowvd  that  it  is  not  ipontoneoUBly  influinmablo  in  air,  at  the  ordinary  pressure,  but  that 
it  nuily  takes  fire  in  air.  like  tlie  mixture  prepared  by  the  above  methods,  nnder  a  lower 
jneMnro  or  when  mixed  with  hydrn);en.  They  prepared  the  pure  compound  in  the 
(oUnring  manner :  Wiihlec  showed  that  when  dry  hydrochloric  acidgscia  paaaod  throngh 
a  idiglitlj-hei>t«d  tnbe  containing  silicon  it  forms  a  Tery  tolatite  colourless  liquid,  which 
fuorn  strongly  in  air;  this  la  a  miitOTO  of  silicon  chloride,  SiCI,,  and  lilieon  ehloroform, 
SlBCl.t,  which  mrresponds  with  ordinary  chloroform,  CHCt,.  This  mixture  iseaBilyscpo- 
vated  l^  distillation,  because  silicon  cblnride  boils  at  ST",  and  silicon  chloroform  at  ^\ 
nw  tcmuU'OD  ol  the  Utter  will  be  underKtood  tram  tbe  equation  Si  I-  3HC1  =  H,,  4-  SiHCI,. 
It  {«  ao  anhyilrous  inflammable  liquiil  of  specific  grarity  I'S,  It  forms  a  traiuition  pro- 
dnclbstwvpn  SIH,  and  SiCl,,  and  may  be  obtained  from  silicon  hydride  hy  the  action  of 
idilaTine.  ruid  is  itself  ■ko  transformed  into  silicon  chlorideby  the  action  of  chlorine.  It 
balwfonaed  from  silicon  hydride  by  the  aotion  of  antimonic  chloride.  Friedel  and 
L4deaburg,  by  acting  on  anhydrous  olcuhol  with  silicon  chloroform,  obtained  an  etheraal 
rouiiMiDnd  haTing  the  composition  SiH<OCjH^]s.  This  ether  boils  at  13£°,  and  whan 
oclad  on  with  sodium  disengages  silicon  hydride,  and  is  converted  into  ethyl  orthosili- 
cUe.  8i(OC5Ha)i,  according  to  the  equation  iSIHfOC.Hjh^SiHj  +  BSilOCljHi),  (the 
•udiaiu  seems  to  be  without  action),  whicli  is  eXMtljr  siroilartD  the  decomposition  ot  the 
Iniiet  oiides  of  phonphorus,  with  the  eTolution  of  phosphuretted  hydrogen.  II  we  desig- 
nate the  group  C,II,.  contained  in  the  silicon  ethers  by  Et,  the  parstlel  is  found  to  eract ; 
*PHOIOHl,  =  PHjtaPO(Off)5;*aiH|OEl),-8iH,  +  8SilOEt),. 

TTarren  (IriUH)  obtained  silicon  and  ita  alloy  with  magnesiimi  by  heating  magnesium 
m  a  current  ot  silicon  Buoiiilu. 

VOL.  tt.  & 
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cent  tube,  it  is  decomposed  into  silicon  and  hydrogen,  just  like  the 
hydrocarbons,  but  the  caustic  alkalis,  although  without  action  on  the 
latter,  react  with  silicon  hydride  according  to  the  equation  : 

SiH^  +  2KH0  +  H20=SiK203  +  ^H^. 

Silicon  chloride,  SiCl^,  is  obtained  from  amorphous  anhydrous  silica 
(made  by  igniting  the  hydrate)  mixed  with  charcoal,^  heated  to  a 
white  heat  in  a  stream  of  dry  chlorine — that  is,  by  that  general  method 
by  which  many  other  chloranhyd rides  of  acid  properties  are  obtained. 
Silicon  chloride  is  purified  from  free  chlorine  by  distillation  over 
metallic  mercury.  Free  silicon  forms  the  same  substance  when  treated 
with  dry  chlorine.  It  is  a  volatile  colourless  liquid,  which  boils  at  57° 
and  has  a  specific  gravity  of  1*52.  It  fumes  strongly  in  air,  has  a 
pungent  smell,  and  in  general  has  the  characteri^ic  properties  of  the 
acid  chloranhydrides.  It  is  completely  decomposed  by  water,  forming 
hydrochloiic  acid  and  silicic  acid,  according  to  the  e(|uation  : 


SiCl^  +  4H20=Si(OH)4  +  4HC1J 


*  The  amorphonB  ailicA  is  mixed  with  starch,  dried,  and  then  charred  by  heating  the 
mixture  in  a  closed  crucible.  A  very  intimate  mixture  of  silica  and  charcoal  is  thus 
formed.  In  Chapter  XI.  Note  18,  we  saw  that  elements  like  silicon  disengage  more 
heat  with  oxygen  than  with  chlorine,  and  therefore  their  oxygen  compounds  cannot  be 
directly  decomposed  by  chlorine,  but  that  this  can  be  effected  when  the  affinity  of  carbon 
for  oxygen  is  utilised  to  aid  the  action. 

^  Silicon  chloride  shows  a  similar  behaviour  with  alcohol.  This  is  accompanied  by  a 
very  characteristic  phenomenon ;  on  pouring  silicon  chloride  into  anhydrous  alcohol  a 
momentary  evolution  of  heat  is  observed,  owing  to  a  reaction  of  double  decomposition, 
but  this  is  immediately  followed  by  a  powerful  cooling  effect,  due  to  the  disengagement 
of  a  large  amount  of  hydrochloric  acid — that  is,  there  is  an  absorption  of  heat  from  tlie 
formation  of  gaseous  hydrochloric  acid.  This  is  a  very  instructive  example  in  this  re- 
spect ;  here  two  simultaneously-accomplished  processes — one  chemical  and  the  other 
physical — are  divided  from  each  other  by  time,  the  latter  process  evincing  itself  by  a 
clear  fall  of  temperature.  In  the  majority  of  cases  the  two  processes  proceed  simulta- 
neously, and  we  only  realise  the  difference  between  the  heat  developed  and  absorbed.  In 
acting  on  alcohol,  silicon  chloride  forms  ethyl  orthosilicate,  SiCl4+4HOC2H5=4HCl+ 
Si(OC2U5)4.  This  substance  boils  at  160°,  and  has  a  specific  gravity  0*94.  Another  salt, 
ethyl  metasilicate,  SiO(OC2H5)3,  is  also  formed  by  the  action  of  silicon  chloride  on  anhy- 
drous alcohol ;  it  volatilises  above  800*^,  having  a  sp.  gr.  1*08.  This  is  exceedingly  important 
in  this  respect,  that  this  ethereal  salt  is  also  volatile,  and  also  corresponds  with  silica, 
SiO^:  the  first  ether  corresponds  to  the  hydrate  Si(0H)4,  orthosilicic  acid,  and  the 
second  to  the  hydrate  SiO(OH)3,  metasilicic  acid.  As  the  nature  of  hydrates  may 
be  judged  from  the  composition  of  salts,  so  also,  and  with  perfect  right,  can  ethereal 
salts  serve  the  same  purpose.  The  composition  of  an  ethereal  salt  corresponds  with  that 
of  an  acid  in  which  the  hydrogen  is  replaced  by  a  hydrocarbon  radicle — for  instance,  by 
C2H5 — and  therefore  the  composition  of  a  hydrate  may  be  realised  by  replacing  this 
radicle  by  hydrogen.  And,  therefore,  it  may  be  justly  said  that  there  exist  at  least  the 
two  above-mentioned  silicic  acids.  We  shall  afterwards  see  that  there  are  really  several 
such  hydrates,  and  that  these  ethereal  salts  actually  correspond  with  hydrates  of  silica 
is  clearly  shown  from  the  fact  that  these  ethers  are  decomposed  by  water,  and  that  in 
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The  most  remarkable  of  the  haloid  compounds  of  silicon  is  silicon 
fiitotide,  SiB",,  because  it  is  a  gaseous  substance  only  liqueiied  by  intense 
cold,  —lOO^and  on  account  of  its  being  obtained  (Chapter  XL)  directly 
by  the  action  of  hydrofluoric  acid  on  silica  uud  its  compounds 
(SiOj  +  4HF=2H,0+SiF,),  and  is  even  formed  by  heating 
fluorspar  with  silica  (2C'iiF,  +  3SiOi=2CaaiOj+8iFj)."  In  order  to 
prepare  silicon  fluoride,  sand  or  broken  glass  ia  mixed  with  an  equal 
tjuantity  by  weight  of  fluorspar  and  6  parts  by  weight  of  strong 
sulphuric  acid,  and  the  mixture  ia  gently  heated.  It  fumes  strongly  in 
air,  reacting  with  the  aqueous  vapours,  although  it  is  produced  frcm 
silica  and  hydrofluoric  acid  with  the  separation  of  water.  It  ia  evident 
that  a  reverse  reaction  occurs  hei-e  ;  that  is  to  say,  the  water  reacts 
with  tlie  silicon  fluoride,  but  the  reaction  ia  not  complete.  Tliis 
phenomenon  is  efiected  in  a  similar  way  to  that  which  occurs  when 
water  decomposes  aluminium  chloride,  but  at  the  same  time  hydro- 
chloric acid  dissolves  aluminium  hydroxide  and  forms  the  same  alumi- 
nium chloride.  The  relative  amount  of  water  present  (together  with 
the  temperature)  determines  the  limit  and  direction  of  the  reaction. 
Tlie  faculty  which  silicon  fluoride  has  of  reacting  with  water  is 
£0  great  that  it  takes  up  the  elements  of  water  from  many  substances — 
for  instance,  like  sulphuric  aci'I,  it  chars  paper.  Water  dissolves  about 
300  volumes  of  this  gas,  but  in  this  case  it  is  not  a  common  solution 
which  takes  place,  but  a  reaction  ;  especially  ia  this  the  case  with  a 
small  <]uantity  of  silicon  fluoride,  that  is,  with  an  e.\ceBs  of  water. 
During  the  lirst  absorption  of  silicon  fluoride  hy  water,  silicic  acid  is 
separated  in  the  form  of  a  jelly,  but  a  certain  quantity  of  the  silicon 
fluoride  also  remains  in  liijuid,  because  the  hydrofluoric  acid  formed 

moiit  sir  tliey  give  aJaohnl  uud  die  aorreipondins  liydrnte,  Klthnutili  the  hyilnte  ichicli  \% 
BbUino4  in  tho  rcndan  iilwayB  PorreHpouda  with  Uie  second  ntheresl  salt  only — thut  in,  it 
hu  the  oriinpf»ittion8i0{0&]3;  thia  formpoirespoudflLlBo  toeiiTboDip  acid  m  its  ordiniLry 
■alia.  This  hydrate  is  lormed  nil  ■vitreoQaiuBBii  when  thepthyl  aitiwtes  lire  kept  in  air, 
tnmg,  la  the  actian  ot  the  atmospheric  moistnra  on  them.    Its  specific  grsTity  is  ]'T7. 

Silicon  hnmide,  SiBr,,  as  well  hk  ailicoa  brpmulonn,  SIHBtj,  vtn  ■absUnoeB  closely 
iinBiiililiim  the  chlorine  compounds  in  Iboir  reastions,  and  are  obtMDed  fn  the  same 
nuDnat.  Silioon  iodoform,  SiUIj,  boils  at  s,bout  390",  has  a-  speciSe  gravity  of  34 ; 
nkcMintha  iiaiiiemuinerasgilicoucblarnfDrn-,tinl  i>  Fonned,  together  irich  Biticoa  indiiV, 
Bil(,  by  the  action  of  a  mixture  of  hydrogen  and,  liydriodic  acid  nn  heated  silicon,  (tilicoo 
iodide  ii  •  solid  at  the  ordinnry  temporal  are,  fusing  at  aboat  I9t)°  ;  it  may  bediatUlel  in 
•  ■treain  ot  carbonia  anhydride,  but  easily  Utkes  fire  in  air,  and  hehares  with  water  and 
other  reagents  jnst  like  silicon  chloride.  It  may  be  obtained  by  the  direct  action  of  the 
(•pnnt  ul  iodine  on  heated  silicon. 

•  Tliispropertyotcalciumflaoridenf  conrertinit  silica intoagas  and  a  ritrooiis  fuiiWa 
•Isif  of  calcium  aiHcats  is  (raiuently  taken  adranta^  of  in  the  tahorator;-  and  in  prac- 
(ir«  in  order  to  remove  silics-  The  same  raacWon  is  employed  (or  preparing  silicon 
flaoriile  ou  a  large  scale  in  the  manofft^tare  of  bydroQaoiiticic  add  (see  eeqne!). 

bS 
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dissolves  the  otlier  part  of  the  silica  ^  and  forms  the  so-called  hydrojluo- 
silicic  aciii :  H,SiF^=SiF4  +  2HF=SiH.>03-f  6HF— 3HaO.  That  is  to 
say,  a  metasilicic  acid,  SiH^Oj,  in  which  O3  is  replaced  by  Fg.  This 
view  of  the  ci>m[x>sition  of  hydrofluosilicic  acid  may  be  admitted, 
Wcause  it  forms  a  whole  series  of  highly  crystallisable  and  well-defined 
Sfdts.  In  geneml,  the  whole  reaction  of  water  on  silicon  fluoride  may 
l>e  ex}>ivsiJtHl  by  the  equation:  3SiF^-h3HjO=SiO(OH)..  +  2SiH.F6. 
Hydn>HuosiHcio  acid  and  silicic  acid  resemble  each  other  as  much,  and 
dirter  as  much,  in  their  chemical  character  as  water  and  hydrofluoric 
acid.  Fi>r  this  reas4>n  silicic  acid  is  a  feebler  acid  than  hydrofluosilicic 
acid«  ami  in  addition  to  this  the  former  is  insoluble,  and  the  latter 
soluble,  in  water. ^'^ 

Hyi?rv>ttui>silicic  acid  is  also  formed  if  silicic  acid  is  dissolved  in  a 
solutiim  of  hyilrv^fluorio  acid.  It  is  incapable  of  volatilising  without 
de<Hmi posit ion»  and  on  heating  the  concentrated  acid  silicon  fluoride  is 
evivlvtxl,  leaving  an  aqueous  solution  of  hyvlrofluoric  acid.  This  is  the 
r^visini  why  solutions  of  hy^lrofluosilicic  acid  corrode  glass.  This 
dectmip<^tion  may  b*  further  accelerated  by  the  addition  of  sulphuric 

*  TIh^  tuiumul  c»£  kKHfcl  dl^wlo|wd  bj  th<^  solution  of  silicic  acid,  SiiXuH^Or  in  aqneoos 
hvvlrv^iluvurtc  tJK'uU  xHFtH^Ov  iiKTiMtiiW^^  with  the  nui^itade  of  x  and  normally  equals 
x^'iK^  Im>4*ii  uuitsss  vlM^rv  x  var«i»«  Wivtwn  1  and  ik  Hov«r«r.  vtien  x^  10  tike  maximom 
anivuut  of  W«t  u(  d«vvlo|wd  ^«4i^<300  iuul»\,  and  twrond  that  tbtd  amount  decreases 

^^  lu  rvAlitii\  howvvvr,  tb*  ivactk>tt  would  se^m  to  b«  still  more  complex,  because  the 
a\tu«x«us.  $*.^Iu(ik>n  v«f  «ilkvtt  ttuoridie  di.vt^  not  yield  a  hrdnise  of  silica,  but  a  flnohjdrate 
^S<U  t?K  S:.^v.Vv>H'b\  cv>rrv*|HMfcdin^  to  the  pyro'  hydraite  SL,0yOff.»,  equal  to 
SiOtOir.SivXK  ^»  that  th#  reiK^ioiJi  of  siXicvm  tfuoride  on  wat«;r  i*  expressed  by  the  equa- 
tivn  .  ^SiK*  '  4H{0-»5>iHiF**  Si^Oi^OH  F  *  UF.  Howerer.  Berzeliu*  state*  that  the 
h\vita!i«*v  wUeu  w«U  wa«hvd  with  waWr»  containi$^  no  tiuoriae«  which  i:»  probably  doe  to  the 
fjuct  thAt  Ati  exw«»  of  water  diecompotMhi  5>iiCS'  OH  F.  foniiia^  hydroflaoric  acid  and  the 
cvuujx^uud  S4V.>;jtOW.^>  Water  ^^aturated  with  silicon  duoride  diseaar«»^ce*  silicon  fluoride 
attvl  )i\vlr\>duv*rtc  acid  when  tree^ted  with  hydtxvhlonc  actd»  therefore  the  gelatinous  pre> 
c:  V'(<|^*^  '^  Cheu  disijjolted.  It  uui^y  be  further  tetmfcrked  that  hydroduotiilicic  acid  has  been 
frwiuvutU  rvKarded  a*  5>iVV*^F»  becaoese  it  i*  5^rmed  by  the  solution  of  silica  in  hydro- 
t!uortc  acid,  but  v>aly  two  ol  theei»  six  hyd)^/tj>''^  ^'J^  re^^Iatced  by  metals^  On  coocentra- 
tiou.  ;htf  ^>IuQiott»  of  the  dvctd  abrviftdy  devouipo«e  when  they  reach  a  streuj^  ol  ftBL^O 
ivr  H>i>ibV  aud  thereft.Hre  the  acid  way  be  regarded  a*  5>ttOHi4jiH»0.6HF.  but  the  wwr- 
wei^v^udLu^  salt*  cv^taitt  lee*  water,  aud  there  are  even  auhrdroos  salys  R*SlF^  so  that 
tUe  Acid  :i>-eLf  :*  ajx»tUj  ^umpl^  repreeeuiMd  a*  K/isiV 

It  jcaA^ous.  sjlIkx*!!  thibortd»  be  pvMswd  directly  iutjo  water,  the  g:ai$-conductiir^  tube  be>- 
coitte^  CL^V-^ed  w  ith  the  ^recipiteled  silicic  acid.  Thiij.  i:^  be«iC  prevented  by  immcrstB^  the 
eud  of  the  sube  under  mservurvv  aud  then  pouring  :he  waiserover  the  mercury ;  the  sibeoa 
duv^rtue  taeu  ('«i.;$:wi»  through  th«  stecvur^.  aud  ouly  comtfs^  in^  contact  with  the  wufier  at 
its  'WxrfyA.-e.  Atid  cv»ui>equtetttly  the  ^pa*<ouduactiii^  tul^  remains  anob«trucced.  The  sili4etc 
:K-;d  thu:^  obtained  soon  settWtk  attd  a  colourltftfsi.  :M;luciou  with  a  pleas$aa&  but  distenctlj 
*o:\l  •A'^ce  i<  t.'C.vured. 

Mwk  u5v.»»!Cu  b}f  tak'u^  5?  ».c.  ^>f  hydx^ >rfui.»rtc  acid,  obsecrvd  that  ux  the  eourw  of  an 
h«»iir  .t»  acaou  on  opal  atsained  7?  p»c.  of  the  ^vefeiibie.  and  *ii*l  not  exceed  l^  p..c.  *rf  its 
p^s^bLe  AcCLon  ou  ^^udctA  durtu^^  the  saMue  ume.  Xhxts  shows  the  dlA^rence  ol  th«  stem: tare 
of  :Llie»}  tw«i  modiJica&iMtoi  of  sili!ca»  whic^  will  b«i  more  fttUy  «fe$ccdbed  is.  tib 
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t  of  other  acids^  Hytlrofiuoailicic  acid,  when  aotini;  on 
potassium  and  barium  salte,  gives  precipitates,  because  the  salU  of  those 
metals  are  but  sparingly  soluble  in  water  :  thus 

2KX  +  H,SiF6=2HX+KjSiF6. 

The  salt  is  obtained  in  the  form  of  very  fine  octahedra,  but  the  precipi- 
tate does  not  form  (juiakly,  and  at  first  appears  aa  a  jelly.  Neverthe- 
less, the  decomposition  is  complete,  and  it  is  taken  advantage  of  for 
nbtaining  their  corresponding  aoids  from  salts  of  potassium.  The 
sodium  salt  is  far  more  soluble  in  wat«r,  and  crystallises  in  the 
h<;xagonat  system.  The  magnesium  saU,  MgSiF,;,  and  calcium  salt  are 
soluble  in  water.  The  salts  of  hydr-otiuosilicic  acid  may  be  obtained 
not  only  by  the  action  of  the  acid  on  bases  or  by  double  decompo- 
sitions, but  also  by  the  action  of  hydrofluoric  acid  on  metallic  silicates. 
Sulphuric  acid  decomposes  them,  with  evolution  of  hydrofluoric  ncid 
and  silicon  fluoride,  and  the  salts  when  heated  evolve  silicon  fluoride, 
leaving  a  residue  of  metallic  fluoi'ide,  R^Fj. 

According  to  the  principle  of  substitution  (Vol.  I.  p.  2ri6),  if  silicon 
formsSiH^,  then  a  series  of  hydrates,  or  hydroxyl  derivatives,  ought  to 
esist  corresponding  to  it.  The  first  hydrate  of  an  alcoholic  character  ought 
to  have  the  composition  SiH3(0H) ;  the  second  hydrate,  SiHj(OH).  ; 
the  third,  8iH(0H),  ;"  and  the  last,  Si(OH)(.     The  last  is  a  hydrate 


■<  Thii  riicnniBUnca  iavery  impnrtuit  in  e-iplaining  LheuBturent  the  lower  hydnttei 
■hicll  «•  known  lorsiliuoti.  It  wa  aapposewuWr  to  be  tnken  np  from  liie  first  bydrateR 
(jtut  u  formiE  uid  is  CH(OH)j  mviuj  outer),  na  shall  obtain  tha  TurinnH  ]..H>-r  hjdnites 
.  eomcpuDding  with  lilirxm  hydiids.  TCIien  ignitfld  tbey  ihonld.  u  phuspliDrouB  Mid 
fajpopbovpbArnaa  acida,  diBcnga^o  Bjlirxm  liydrida  and  leave  a.  residoe  of  ailicA  Ijehind — 
i.r^  of  the  oiide  cxirreaponding  to  the  highest  hydnte — jnat  iii  urgiuiic  hydntei  (lot 
uumple,  lonnic  acid  with  aji  slktili)  form  urbDaic  uibydride  an  the  higheat  cii]ig«n  voui- 
pNUid.  Such  imperfect  hydratei  of  ■ilicoti,  or,  mora  mneclly  speaking,  ol  silii'oo 
hjrdtide,  were  Unit  obtained  by  Wohlei  (ISflSJ  and  >tndi«d  by  Oenther  liaai),  and  treia 
named  atl«t  their  cbAracteiiatic  colonn. 

Leueorte  is  a  ohita  hydrate  of  the  oomposition  SiH(OH),,  It  i«  ohijilii^  hy  slnwly 
[iaHbEUievapoiirot«iUcancblDrarormintocoiawatar:SiHCI,-t-BH]O^SiH(OHt]+SUa. 
But  thia  hjdnte.  like  the  ooneaponding  hydrate  of  phoiphorui  or  carbon,  does  not  ra- 
main  in  this  Btal«  □(  hydration,  but  loses  a  poition  of  its  water.  The  carbon  hydrate  nt 
this  natore,  CH(OH)j,  hwas  water  and  forma  fnnnia  acid,  CHO(OH| ;  but  U>b  silicon 
hydrate  loses  K  still  greater  piopoition  of  water,  9SiB(0H),,  parting  nith  »H,0.  and 
eODiequently  leaving  Si^iliOj.  This  Bubatnace  mast  be  an  anhydride ;  all  the  hydrogen 
pTHViiipiily  in  the  (orm  of  hydroiyt  haa  been  disengaged,  two  remaining  hydrogens  b«ing 
lefllrom  SIH,.  The  other  aiinilar  hydrate  ia  niso  white,  and  has  the  com  portion  SijHjO 
(neariyj.  It  may  bo  regarded  as  the  above  white  hydrate  +SiO,.  A  yellow  hydioto, 
known  aa  ehryaeon^  [iiilicone),  ie  obtained  by  the  uctiou  of  liydrochloric  acid  on  an  alloy 
of  silicon  HJid  uilcinm;  its  compoaition  is  nearly  SigHiOj.  Moat  pnihably,  howevor, 
dujuone  boa  a  more  complex  compoiilJon,  and  stands  in  (be  Bame  relation  to  llin  hyitrate 
SjH](OH),  aa  lancone  doea  to  the  hydrate  SiH(OB)s,  becaasa  this  very  simply  expresics 
Uw    transition   of   the  first   oompoaad   into   the   second   with   th«    loss   ol  Wkler, 
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of  silica,  because  it  is  equal  to  SiOj  +  SHgO  ;  and  it  is  formed  by  the 
action  of  water  on  silicon  chloride,  when  all  four  atoms  of  chlorine  are 
replaced  by  four  hydroxyl  groups.  It  does  not,  however,  remain  in  this 
state,  but  easily  loses  part  of  its  water. 

Silica  or  silicic  anhydride,  both  in  the  free  state  and  in  combination 
with  other  oxides,  enters  into  the  composition  of  most  of  the  rocky 
formations  of  the  earth's  crust.  These  siliceous  compounds  are  sub- 
stances varying  so  much  in  their  properties,  crystalline  forms,  and  rela- 
tions to  one  another  that  they  are  comprised  in  a  special  branch  of 
natural  science  (like  the  carbon  compounds),  and  are  treated  of  in 
works  on  mineralogy  ;  so  that,  in  dealing  with  them  further,  we  shall 
only  give  a  short  description  of  these  various  compounds.  It  is,  first 
of  all,  necessary  to  turn  to  the  description  of  silica  itself,  especially  as 
it  is  not  unfrequently  met  with  in  nature  in  a  separate  state,  and  often 
forms  whole  masses  of  rocky  formations,  called  *  quartz.'  In  an  anhy- 
drous condition  silica  appears  in  the  greatest  variety  of  natural  forms — 
sometimes  in  well-formed  crystals,  hexagonal  prisms,  terminated  by 
hexagonal  pyramids  ;  sometimes  the  prism  is  wanting,  and  it  appears 
as  hexagonal  pyramids.  If  the  crystals  are  colourless  and  transparent, 
they  are  called  rock  crystcU.  This  is  the  purest  form  of  silica.  Pris- 
matic crystals  of  rock  crystal  sometimes  attain  considerable  size,  and 
as  they  are  remarkable  for  their  unchangeability,  great  hardness,  and 
considerable  index  of  refraction,  they  are  used  for  ornaments,  for  seals, 
making  necklaces,  «fec.*^     Rock  crystal,  coloured  with  organic  matter,  in 

SiH.2(OH)3  -  H.^  +  H2O  =  SiH(0H)5.  When  these  lower  hydrates  are  ignited  without  tlie 
access  of  air,  they  are  decomposed  into  hydrogen,  silicon,  and  silica — that  ia,  it  may  be ,  ^ 
supposed  that  they  fonn  silicon  hydride  (which  decomposes  into  sihcon  and  hydrogen) 
and  silica  (just  as  phosphorous  and  hypophosphorous  acids  give  phosphoric  acid  and 
phosphuretted  hydrogen).  When  ignited  in  air,  tliey  bum,  forming  silica.  They  are 
none  of  them  acted  on  by  acids,  but  when  treated  with  alkalis  they  evolve  hydrogen  and 
give  silicates  ;  for  example,  leucone :  SiH^Oj  +  4KHO  =  aSiKaOs  +  H^O  +  2H2.  They  have 
no  acid  properties.  Tlius,  as  yet  we  have  no  lower  acid  hydrates  of  silicon,  correspond- 
ing, for  example,  to  formic  acid,  which  would  give  salts  when  acted  on  by  alkalis.  It 
must  not,  however,  be  forgotten  that  formic  acid,  when  heated  with  an  alkali,  gives  a 
carbonate  and  hydrogen,  CH.^O.j  +  2KH0  =  CK^Os  +  H-^O  +  Hj.  Consequently,  a  similar 
decomposition  is  accomplished  vrith  leucone  as  with  formic  acid,  only  at  the  ordinary 
temperature. 

**  Two  modifications  of  rock  crystal  are  known.  They  are  very  easily  distinguished 
from  each  other  by  their  relation  to  polarised  light ;  one  rotates  the  plane  of  polarisation 
to  the  right  and  the  other  to  the  left — in  the  one  the  hemihedral  faces  are  right  and  in 
the  other  they  are  left ;  this  opposite  rotatory  power  is  taken  advantage  of  in  the  con- 
struction of  polarisers.  But,  with  this  physical  difference — which  is  naturally  dependent 
on  a  certain  difference  in  the  distribution  of  the  molecules — there  is  not  only  no  observ- 
able difference  in  the  chemical  properties,  but  not  even  in  the  density  of  the  mass.  Per- 
fectly pure  rock  crystal  is  a  substance  which  is  most  invariable  with  respect  to  its  specific 
gravity.  The  numerous  and  accurate  determinations  made  by  Steinheil  on  the  specifio 
gravity  of  rock  crystal  show  that  (if  the  crystal  be  free  from  flaws)  it  is  very  constant. 


contnct  with  vliicb  it  is  sametimes  produced  in  tiqueous  formations, 
has  a  brown  or  greyish  colour,  and  then  beiirs  the  niinie  of  eairngwm 
or  gmoky  quartz.  In  tliia  form  it  has  the  same  uses  as  rock  crystal, 
especially  as  it  ia  oft«n  found  in  Large  masses.  The  eanie  mineral, 
folouced  red  or  pink  by  means  of  manganese  or  iron  oxidea,  often 
occurs,  especially  in  aqueous  formations,  and  is  often  called  amHhyH. 
When  linely-coloured  the  ameth3-st  is  used  as  a  precious  stone,  but 
amethysts  are  not  met  with  in  pure  crystals  of  such  considerable  size 
as  rock  crystal.  They  most  frecjuently  occur  as  small  crystals  in  the 
cavities  formed  in  other  rocky  formations,  and  especially  in  those 
formed  in  silica  itself,  A  similar  anhydrous  silica  is  often  found  in 
transpnrent  non- crystal  line  masses,  having  the  same  speciSc  gravity  as 
rock  crystal  itself  (2-66).  lu  this  cn.se  it  is  called  qua/rtx.  Sometimes 
it  forms  complete  rocky  formations,  but  more  often  penetrates  or 
diffuses  itself  through  other  rocky  foi-mationa,  together  with  other 
siliceous  compounds.  Tlius,  in  granite,  quartz  is  mixed  with  felspar 
and  similar  substances.  Sometimes  the  colouring  of  quartz  is  so  con- 
siderable that  it  is  hardly  transparent  in  thin  sheets,  but  it  is  often 
found  in  transparent  masses  slightly  coloured  with  variuua  tiiits.  The 
resistance  of  quartz  to  the  action  of  water  is  proved  in  nature  on  an 
enormous  scale.  When  water  destroys  rocky  formations,  the  siliceous 
minerals  which  they  contain  are  partly  dissolved  and  partly  transfm-nied 
into  clay,  1-c.  But  the  quartz  remains  untouched,  and  in  the  form  of 
grains  in  which  it  existed  in  the  rocky  formation  ;  sometimes,  when 
crushed,  it  is  carried  away  by  the  wa.ter  and  deposited  as  sand.  Most 
fr«|uently,  the  principal  part  of  Hand  consists  of  quartz  grains  washed 
by  water  from  the  rocks  which  it  destroys.  Naturally,  sometimes  other 
rocky  Bubstances  which  are  not  changed  by  water,  or  only  slightly 
arted  on  by  it,  are  found  in  sand  ;  but  as  these  latter  are  more  or  less 
changed  by  the  continuous  action  of  water,  it  is  not  unusual  to  find 
cand  which  consists  almost  entirely  of  pure  quartz.  Common  sand  is 
generally  coloured  yellow  or  reddish-brown  by  foreign  mineral  matter, 
consisting  principally  of  ferruginous  minerals  and  clays.  The  purest, 
or  so-called  quartz,  sand  is,  however,  rarely  found,  and  is  recognised  by 
the  absence  of  colour,  and  also  by  the  test  that  when  shaken  in  water 


n  ia  BqiiBl  to  366.  The  nnchangeability  fit  foclt  cryBlnl  an&Kt  Ihe  action 
MBull  hygrmcojiic  e»p»city,  Mifl  very  grwit  hardaesB  tender  it  &  Tulaable  i 
tain  4|ii|«ralaa  of  gteiit  ikcmt'iieT  ;  lot  namiile ,  in  the  constmctiDa  of  m 
tliBt  !■.  of  Heiglitii  lor  eiceediugly  nocarate  weighinKs.  The  deniity  of 
eonitant.  and  thnelore  the  cotrectioii  fmweig'hingwith  tbeae  weightii  in 
villi  prrtert  conBdcnco  in  its  occtmi.';,  avA  tlieir  nnchuigeiLbleneag  ani 
Mmoaplioric  M'lion  render  thew  weiglitu  (nataTjIy,  il  they  ■«  Bobmittec 
«  betir«en  Mcb  otlier)  mncb  more  skhI  Ihui  any  metallic  one 


104  PRINCIPLES  OF  CHEMISTRY 

it  does  not  form  any  tarbidity  :  this  shows  the  absence  of  clay  ;  when 
fused  with  bases  it  forms  a  colourless  glass,  and  on  this  account  is  a 
valuable  material  for  the  manufacture  of  glass.  Sands  were  formed  at 
all  periods  of  the  earth's  existence  ;  the  ancient  ones,  compressed  by 
strata  of  more  recent  formation  and  permeated  with  various  substances 
(deposited  from  the  infiltrating  water),  are  sometimes  solidiiied  into 
rock,  called  sandstone,  composing,  in  some  places,  whole  mountain 
chains,  and  serviceable  as  a  most  excellent  building  material,  on  account 
of  the  slight  change  it  undergoes  under  the  influence  of  atmospheric 
agencies,  and  on  account  of  the  facility  with  which  it  may  be  wrought 
from  rocky  formations  into  immense  regularly-shaped  flags — the  latter 
property  is  due  to  the  primary  laminar  structure  of  the  sand  formations 
deposited,  as  above-mentioned,  by  water. 

Completely  pure  anhydrous  silica  is  not  only  extracted  in  the  con- 
dition of  rock  crystal  and  quartz  having  a  specific  gravity  of  2*6,  but 
also  in  another  special  form,  having  other  chemical  and  physical  pro- 
perties. This  variety  of  silica  has  a  specific  gravity  of  2*2,  and  is 
formed  by  fusing  rock  crystal  or  heating  silicic  acid.*^  Silicic  acid, 
when  heated  to  a  dull  red  heat,  completely  parts  with  the  contained 
water,  and  leaves  an  exceedingly  fine  amorphous  mass  of  silica  (easily 
levigated,  but  difficult  to  moisten) ;  it  is  characterised  by  such  excessive 
friability  that,  when  lightly  blown  on,  a  large  mass  of  it  rises  into  the 
air  like  a  cloud  of  dust.  A  mass  of  anhydrous  silica  may  be  poured  in 
this  way  from  one  vessel  to  another  like  a  liquid,  like  which  it  takes  a 
horizontal  position  in  the  containing  vessel.  Anhydrous  silica,  like 
quartz,  does  not  fuse  in  the  heat  of  a  furnace,  but  it  fuses  in  the  oxy- 
hydrogen  flame  into  a  colourless  glassy  mass  exactly  similar  to  that 
formed  in  the  same  way  from  rock  crystal.  In  this  condition  silica  has 
a  specific  gravity  of  2'2.  Both  forms  of  silica  are  insoluble  in  ordinary 
acids,  and,  when  they  are  taken  in  the  state  of  powder,  alkalis  in  solu- 
tion act  verj'  slowly  and  feebly  on  them  ;  in  addition  to  which  rock 
crystal  oflers  much  greater  resistance  to  the  action  of  alkalis  than  the 
powder  obtained  by  heating  the  hydrate.  The  latter,  although  but 
slowly,  is  quite  soluble  in  hot  alkaline  solutions.  This  last  property 
appertains  in  a  greater  degree  to  anhydrous  silica  having  a  specific 
.  gravity  of  2*2  than  to  that  which  has  a  specific  gravity  of  2 '6.  Hydro- 
fluoric acid  more  easily  transforms  the  former  into  silicon  fluoride  than 
it  does  the  latter.     Both  varieties  of  silica,  when  taken  in  the  form  of 

^^  Several  other  modifications  are  known  as  minute  crystala.  For  example,  there  is 
a  particular  mineral  fiist  found  in  Btyria  and  known  as  tridymite.  Its  specific  gravity 
2'8  and  form  of  crystals  clearly  distinguish  it  from  rock  crystal ;  its  hardness  is  the  same 
as  that  of  quartz — that  is,  slightly  below  that  of  the  ruby  and  diamond. 
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powder,  easily  combine  with  bftses,  forming,  on  being  fused  with 
lui  alkali,  1%  vitreous  slag,  which  is  a  sail  corresponding  with  silica. 
Glass  is  a  similar  salt,  formed  of  alkalis  nnd  alkaline  eartliy  bases  ;  if 
the  glass  does  not  contain  any  of  the  latter^that  is,  if  ordy  nlknliiie 
glass  be  taken — a  mass  soluble  in  water  is  obtained.  In  order  to  obtain 
such  ntdiihU  glaag,  potassium  or  sodium  ciirbimates,  or,  better,  a  mixture 
of  the  two  (a,  more  fusible  mixture),  is  fused  with  fine  sand.  A  slill 
I»tter  and  further  saturation  of  the  alkalis  with  silica  is  effected  by 
the  action  of  alkaline  solutions  on  the  silicon  hydrate  met  with  in 
nature ;  for  instance,  an  alkaline  solution  is  often  mode  use  of  to  act 
on  the  so-caDed  tri)>oli,  or  collection  of  siliceous  skeletons  of  the  lowest 
microscopical  infusoria,  which  is  sometimes  found  in  considerable  layers 
in  the  form  o£  a  sandy  moss.  Tripoli  is  used  for  polishing,  not  only  on 
account  of  the  considerable  hardness  of  the  silica,  but  also  because 
the  microscopic  bodies  of  the  infusorijv  have  a  pointed  shape,  which, 
howe^-er,  is  not  angular,  so  that  tliey  do  not  scratch  metals  like 
sand."  In  a  boiler,  under  a  certain  amount  of  pressure,  tripoli  may 
be  dissolved  in  a  solution  of  caustic  soda  {or  potash),  because  it 
contains  silica  in  the  shape  of  hydrate  of  a  specific  gravity  2-2,  with  a 
slight  amount  of  water.  The  alkaline  solutions  of  silica  obtained  by 
these  means  contain  ^-a^io^s  relative  amounts  of  silica  and  alkali,  In 
urder  to  contain  the  greatest  amount  of  silica,  the  solution  ought  to  be 
heated  end  silicic  acid  added  to  it  ;  in  order  to  obtain  this  hydrate,  it 
is  only  necessary  to  take  any  kind  of  solution  containing  silica  and 
alkali,  and  to  add  to  it,  by  degrees,  some  acid^for  instance,  sulphuric 

■*  Bilicmilaoaaciiram  aatara  in  two  modiBcntiona.  The  opal  vid  tripoli  (intimuriil 
euth)  have  a  apeciflc  gnvit;  □(  about  2'2,  luid  ute  compumtivel;  easily  disBoIved  in 
allnlii  Bjid  lijdrofluon<:  acid.  Clialcxdony  nnd  fiint  (tinted  ijnurtOMe  concretioiia  ol 
iKjoemu  origin),  agnte  aiid  Hiiuilu'  (amis  of  silica  of  andnbitabl;  aqneoiia  origin,  and  even 
Btill  containing  a  certiun  amount  of  watisr,  b»v«  il  apeuific  giavilj  of  Q'A,  and  correppoad 
with  qouti  in  the  difficulty  with  wbioh  they  dissolve.  This  forni  of  silica  sometimes 
pennentfls  the  cvllalose  ol  wood,  fonoing  ono  of  tlie  urdinuy  kinds  of  petrilied  nooil. 
Tlio  silica  nmy  bo  exiriwted  (rom  it  by  the  action  of  hydroHaorio  acid,  and  tlie  eellulonc 
remains  behind,  wbich  clHuly  shows  that  silica  ju  a  solable  form  (aes  seqael)  has  per- 
mMited  into  the  cells,  whera  it  has  depouMd  the  hydrate,  which  has  lost  water,  and  ([iveu 
Ksilicn  of  sp.  gr.l'B.  The  quarl£OEO  BtHloctites  found  in  certwu  caves  are  also  evidently 
of  a  like  aqueous  oripn ;  however,  their  sp.  gt.  is  S'fl.  As  crystal*  of  amethyst  are  tre- 
<4nentlT  found  among  ehftlcedonies,  snd  as  PriedaQ  and  Sorran  (187B)  obtained  orjTilsU 
of  rock  cryilal  by  heating  nolulile  gl&ss  with  an  excess  of  bydrale  of  silica  in  a  closed 
«»a«l.  there  i»  no  doubt  but  that  nwk  crystal  itself  is  formed  in  the  wet  way  from  the 
galatinaa*  hydrnte.  ChrooitchoB  obtained  it  directly  from  soluble  silica.  Thus  this 
bydiate  ia  able  to  form  both  the  variety  having  the  specific  gravity  3*3  and  the  more 
■Ltble  variety  of  sp,  gr.  HO ;  and  they  botli  exiat  witb  a  small  pmportiuD  of  water  anil  in 
k  perfectly  aiihydroni  state  in  on  amorphous  and  crystalline  form.  All  these  facts  are 
id  by  recognising  siliw  m  dimorphons,  and  tbeii  cause  mnat  be  looked  lor  in  ■ 
n  in  the  degree  d(  polymsriiatitm. 
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Of  hydrodiloric  ;  then,  if  tlie  experiment  be  carried  on  carefully  and 
thi*  solution  be  concentrated,  the  whole  mass  thickeiks  to  a  jellv,  due  to 
tliB  gelatinous  form  o(  the  tilicic  acid  separated  from  the  salt  by  the 
nction  of  the  acid.  The  decomposition  may  be  expressed  by  the  follow- 
ing ot|uation:  8i(ONa)i  +  4HC]  =  4NaCl-|-Si(0H|^.  The  hydrate 
separated,  Si(OH)„  easily  loaea  part  of  the  water,  and  forms  a  jelly, 
the  whole  mass  gelatinisiug  if  the  solution  be  strong  enough.'^ 
Neither  of  the  two  varieties  of  anhydrous  silica,  n 


'^  The  equation  giren  atwye  doei  nol  eipraes  tbe  actoitl  leaclioii.  (or  in  tlie  first  plue 
siliiK  hu  the  funlly  for  fonniDgcoDipoDodB  with  bues  developed  lothe  higbeai  degree. 
uVMi  tu  a  greater  degree  Ihui  molybdic  uid  tungstic  anb^idea,  and  therefore  tiie  for- 
luala  SiNHiO,  it  nol  rfgbll;  deduced,  it  one  ma:^  so  expresii  oneKelt,  And,  in  tbo  Beyond 
place,  ailica  gives  neveral  hydnte*.  Id  conseqaence  of  Ibis,  tbe  solution  doei  not  niaally 
iuiitaiaSilONa)i,  but  nrioDB  other  grades  of  oombiniitionot  lilies  nitbbaacBi  and,  muru- 
nver,  the  hydnte  piecipilnted  does  not  actoal!  y  contain  to  bigb  a  proportion  of  vatcr  iLt 
8i(0H),,  but  aJirayB  leas.  Tbe  insoluble  gelatinoos  hydrate  vh'cb  e>pani1«B  out  in  able 
Ibelore,  bat  not  after  hariag  bean  dried]  to  diBsoWe  in  &  solntion  of  sodinm  carboBate. 
When  dried  in  air  its  composition  corresponds  with  tbe  ordinary  salts  of  carbonJc  acid — 
thnt  is,  8iH,0],  oi  SiO(OH),.    If  gradnally  htnled  it  loaes  water  by  degrees,  and,  iii  ao 

hydration,  haTing  the  composiljon  SiHjOiiSiOc,  or,  in  general.  nSiO,niH,0.  whore 
»ii<n,  must  be  recognised,  becallBe  most  varied  degrees  of  combination  of  silica  with  bates 
are  known.  We  sbsU  find  a  himilar  phenameDoa  in  molybdic  and  Inngntic  Bciils.  so  that 
it  is  not  ciceptionaL  Tb•^  bj>dmte  of  silica,  when  not  dried  abnre  30".  ban  a  composition 
□t  nearly  H,Si,Og~  |BiSiO])iBiO],  but  at  60°  contains  a  grestar  proportion  of  silica— that 
ia,  it  Idsm  slill  more  wateri  and  at  lOD''  a  bydnte  of  the  compoaitioi  SiHgOjaSiO,.  and 
at  150°  a  hydrate  having  appraiinialel;  a  composition  SiEiOsTSiO,  is  obtained.  It  the 
water  be  regarded  «a  a  base — that  ia,  as  the  water  of  oonstitntion  of  tbe  hydrate — then 
the  first  hydrate,  8iOi,H,0,  will  be  a  monosilicate  (silicic  acid)  norresponding  with  a 
aerieii  of  silicates  of  the  composition  (BO|,SiO»  whilst  the  hydrate  which  is  obtained  at 
100°  will  correspond  with  the  tpailicates  RO,SSiO,. 

Hager  (1808}  obtsjned  a  cryslolliae  bydrate,  B,8iOs,3H,0,  by  the  acUon  of  hydro- 
chloriu  acid  on  calcium  metasilicate,  CaSiO]. 

These  data  and  the  preoeding  notes  show  the  compleiity  of  the  molecnles  of  anhy- 
drous silica.  Tbe  hydrate,  Si(OH|,  {orthosilioic  acid|,  is  very  unstable,  and  easily  gives 
metaailidc  acid,  BiO(OH)j,and  tbe  latteralsoloces  a  further  amonut  of  water  with  faality 
and  gives  the  hydrates  ISiO,|.(H,0),„  where  lu  becomes  leas  and  less  than  n.  In  tbe 
natural  bjdratea.  this  decrement  of  water  pmcceds  quite  consecutively,  and,  so  to  say. 
imperceptibly,  mitil  n  becomes  incouipuahly  greater  than  m,  and  when  the  ratio 
beoomea  very  large,  anhydrous  silica  of  the  two  niodifications  9~a  and  3*9  is  obtained. 
Tbe  oompositioD  (SiO,),„S,0  still  corresponds  with  3-9  p.c.  of  walet.  and  natural 
hydrates  often  contain  alill  less  water  than  this.  Thus  some  opals  are  known  which 
conlain  only  1  p.c.  of  water,  whilst  others  oontain  7  and  even  10  p.c.  As  the  arti- 
ficially prepared  gelatinuus  hydrate  of  silica,  when  dried  has  many  of  the  projiertie* 
of  native  opals,  and  as  this  hydrate  always  loses  water  easily  and  oonsacnlively, 
there  can  he  no  doabt  that  the  tranutinn  of  (SiO;l,(HjOi>)  into  anhydrons  utica. 
both  amorphous  and  crystalline  'in  nature,  chalcedony),  is  accompliahed  gradually. 
This  can  only  be  the  case  if  the  magnitude  of  n  he  oonsiderafale,  and  therefore  Ibe 
ronleeola  of  silica  in  tbe  hydrate  is  nndoubtedly  complex,  and.  therefore,  the  auhy- 
dnnuailicaofap.gr.  99  andSII  doea  Dot  conUtin  SiO^  hot  a  complex  molecule.  Si.O,.— 
that  is,  the  ttnictui«  of  silica  is  polymeric  and  complei,  and  not  Bimple,aa  represented  by 
the  formula  SiOg. 


SILICON  A\D  THE  OTHER  ELEMESTS  OF  TITE  FOURTH  GROUP      107 


uatural  gelatinous  hydrates,  are  dii-ectly  soluble  in  water.  There  is,, 
however,  a  known  condition  of  silica  which  is  soluble  in  water, 
Koluhl'  eiliea  ;  and  silica  is  found  in  this  state  in  nature.  Sntall 
quantities  of  soluble  silica  are  met  with  in  all  waters.  Certain  mineral 
springs,  and  especially  hot  springs — of  which  the  best  known  are  the 
Geysei-s  of  Iceland  and  in  the  North  Amoiii^an  National  Park  (YeJIow- 
stone  Valley)— contain  a  considerable  amount  of  silica  in  solution. 
Such  water,  permeating  the  objects  it  meets  with — for  instaitce,  icood 
— penetrates  into  tbem  and  deposits  ailica  inside  them,  that  is,  trans- 
furais  ih'ein  into  a  petrified  condition.  Siliceous  staliictttes,  and  also 
many  (ii  not  all)  forms  of  silica,  are  formed  by  such  water.  Their 
furtnation  is  fnun'led  on  the  fact  that  aqueous  solutions  of  silica,  under 
many  conditions,  separate  gelatinous  silica  ;  and  the  lattar  parts  with 
water  and  turns  into  a  stony  ma^s.  The  absorption  of  silica  by  plants 
by  means  of  their  roots,  and  also  by  the  lower  organisms  having 
siliceous  bodies,  is  due  also  to  their  nourishing  themselves  with  the 
solutions  containing  silica  continually  formed  in  nature.  Thus,  in 
plants,  in  ',he  straws  of  the  grasses,  in  hard  shave-grass,  and  especially 
in  the  knots  of  bamboo  and  other  straw-like  plants,  a  considerable 
quantity  of  silica  is  deposited,  which  must  previously  have  been 
alisorlied  by  the  plants. 

Silicic  acid  is  a  colloid.  The  ge!atinous  silicon  hydrate  is  its 
hydrogel,  the  soluble  hydrate  is  the  bydroaol  (Chapter  XVII.).  Both 
^'arielies  may  easily  be  obtained  from  the  alkaline  silicates  and  wat«r- 
glasa.  The  very  same  substances — that  is,  aqueiius  solutions  of  soluble 
glass  and  acid — -taken  in  the  same  proportion,  may  produce  either  the 
gelatinous  or  the  soluble  silica,  according  to  the  way  these  solutions 
are  mixed  together.  IE  the  Eicid  be  added  little  by  little  to  the  alka- 
line filicale,  with  continuous  stirring,  a  moment  arrives  whenthewhole 
mass  thickens  to  ajelly,  hydrogel ;  in  oliiscase  the  silicic  acid  is  formed  in 
the  midst  of  the  alkaline  solution  and  becomes  insoluble.  But  if  the  mix- 
ing be  done  in  the  reverse  order— that  is,  if  the  soluble  glass  be  added 
to  the  acid,  or  if  a  quantity  of  acid  be  rapidly  poured  into  the  solution 
of  the  salt— then  the  separation  of  the  silica  takes  place  in  the  midst  of 
Uie  acid  liquid,  and  it  is  obtained  in  the  fonu  of  the  soluble  hydrate, 
the  hydroaol."' 


becaaie  the  getiliuo 


I  ui  etceaa  at  acid  aids  the  retention  at  tbe  lilicK  iu  the  Balatinn, 
lu  ailicft  abUined  in  the  uboie  muinec,  but  not  heated  to  80°— 
re  water  tliui  tlie  hydratu  H.jSiOj — iimcire  mlalile  in  water  contain- 
ing acid  tlian  in  pure  water.  Tliie  woald  seem  to  indicate  a  feeble  lendenejr  of  silica  tu 
mabine  wilb  acids,  and  it  might  even  have  been  imagined  that  in  encli  a  sniation  tbe 
hfdrala  of  ajlica  ia  bald  in  combination  vitb  an  gxcubb  of  acid,  bad  Craliam  not  nbtaincd 
(oluble  allien  perlcctly  (ree  From  acid,  and  if  tbere  were  not  mlutiiiiiB  of  silica  free  Iron 
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The  hydrosol  of  silica  prepared  by  mixing  an  excess  of  hydrochloric 
acid  with  a  solution  of  sodium  silicate,  may  be  freed  from  the  admix- 
tures both  of  hydrochloric  acid  and  salt,  sodium  chloride,  by  means  of 
dialysisy^"^  as  Graham  showed  (in  1861)  in  explaining  the  nature  of 
colloids,  and  making  many  other  important  chemical  investigations. 
The  solution,  containing  the  acid,  salt,  and  silica,  all  dissolved  in  water, 
is  poured  into  a  dialyser — that  is,  a  vessel  with  a  porous  diaphragm  sur- 
rounded by  water.     Certain  substances  pass  more  easily  through  the 
diaphragm  than  others.     This  may  be  represented  thus  :  the  passage 
through  the  diaphragm  proceeds  in  both  directions,  and  if  the  solution 
on  each  side  of  the  diaphragm  be  equally  strong,  then  there  will  be 
equal  numbers  of  molecules  of  the  soluble  substance  passing  into  either 
side  in  a  given  time,  some  passing  quickly  and  others  slowly.     The 
metallic  chlorides  and  hydrochloric  acid  belong  to  the  series  of  crystal- 
loids which  easily  pass  through  a  diaphragm,  and  therefore  the  hydro- 
chloric acid  and  sodium  chloride  contained  in  the  above-mentioned 
dialyser  pass  from  the  solution  through  the  diaphragm  into  the  water 
of  the  external  vessel  with  considerable  rapidity.     The  aqueous  solu- 
tion of  colloidal  silica  also  penetrates  through  the  diaphragm,  but  very 
much  more  slowly.     But  if  the  amount  of  the  substance  dissolved  is 
not  equal  on  either  side  of  the  diaphragm,   then  the  whole  system 
strives  to  attain  a  state  of  equilibrium  ;  that  is,  the  given  substance 
penetrates  through  the  diaphragm  from  the  side  where  it  abounds  to 
the  part  where  there  is  a  lesser  quantity  of  it.     All  substances  which 
are  soluble  in  water  have  the  faculty  of  penetrating  through  a  membrane 
swollen  in  water,  but  the  velocity  of  penetration  is  not  equal,  and  in 
this  respect  the  dialyser  separates  substances  like  a  sieve.     The  silica 
passes  less  rapidly  through  the  diaphragm  than  the  sodium  chloride 
and  hydrochloric  acid,  so  that  by  repeatedly  changing  the  external 
water  it  is  easy  to  effect  the  extraction  of  the  chlorine  compounds  from 
the  dialyser,  which  will  finally  only  contain  a  solution  of  silica.     This 
extraction  may  be  so  complete  that  the  liquid  taken  from  the  dialyser 

any  acid  in  nature.  At  all  events  a  somewhat  strong  solution  of  free  silica  or  silicic 
acid  may  be  obtained  from  soluble  glass  diluted  with  water.  The  solution,  besides  silica, 
will  contain  sodium  chloride  and  an  excess  of  the  acid  taken.  If  tliis  solution  remains  for 
some  time  exposed  to  the  air,  or  in  a  closed  vessel,  and  under  various  other  conditions, 
it  is  found  that,  after  a  time,  insoluble  gelatinous  silica  separates  out — that  is,  the  soluble 
form  of  silica  is  unstable,  like  the  soluble  form  of  alumina.  The  analogous  forms  of 
molybdic  or  tungstic  acids  may  be  heated,  evaporated,  and  kept  for  a  long  period  of  time 
without  the  soluble  form  being  converted  into  the  insoluble. 

*^  See  Vol.  I.  p.  68,  Note  18.  A  solution  of  water-glass  mixed  with  an  excess  of  hydro- 
chloric acid  is  poured  into  the  dialyser,  and  the  outer  vessel  is  filled  with  water,  which  is 
renewed  (from  a  water  tap).  The  water  carries  off  the  sodium  chloride  and  hydrochlorio 
acid,  and  the  hydrosol  remains  in  the  dialyser. 
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will  not  give  any  precipitate  with  a  solution  of  ailvep  nitrate. 
Graham  thus  obtained  soluble  silica  having  a  distinctly  acid  reaction, 
which,  however,  disappeared  on  the  addition  of  a  veiy  minute  quantity 
of  alkali  ;  for  ten  pans  of  silica  in  tha  solution  it  was  snfEcient  to  take 
one  part  of  alkali  in  order  to  gi\'e  the  li(]uid  an  alkaline  reaction,  so 
slightly  energetic  are  the  acid  properties  of  silicic  acid.  The  solution  of 
silica  obtained  by  this  method  becomes  f^latinous  in  time,  or  oti  being 
heated,  or  on  evaporation  under  the  receiver  of  an  air-pump,  io.  The 
liydrosot  is  transformed  into  the  liydrogel,  the  soluble  hydrate  into  the 


gelatin 

Thus  i 
exists  also 
with  alum 


1  addition  to  the  gelatinous  form  of  the  fiilicic  acid,  there 
A  variety  of  this  substance,  Boluble  in  water,  as  is  the  case 
na.  Such  variation  in  properties  and  exactly  the  snuie  rela- 
tions with  regard  to  water  characterise  an  immense  series  of  other 
substances  having  a  great  significance  in  nature.  The  number  of  such 
substances  is  especially  great  among  organic  compounds,  and  par- 
ticularly in  those  classes  of  them  which  compose  th«  principal  material 
of  the  bodies  of  animals  and  plants.  It  is  sufficient  to  mention,  for 
instance,  the  gelatin  which  is  familiar  to  all  as  carpenter's  and  other 
glues,  and  in  the  form  of  size  and  jelly.  The  same  substance  is  also 
known  in  the  solution  which  is  used  to  join  objects  together.  In  a 
peculiar  insoluble  condition  Jt  enters  into  the  composition  of  hides  and 
bones.  Tlieae  various  forms  of  gelatin  differ  in  the  same  way  as  the 
diflerent  varieties  of  silica.  The  property  of  forming  a  jelly  is  exactly 
the  same  as  in  silica,  and  the  adhesiveness  of  the  solutions  of  both  sub- 
stances is  identical  ;  soluble  silica  adheres  like  a  solution  of  gelatin. 
Tlie  same  properties  are  again  shown  by  starch,  rosin,  and  albumin, 
and  by  a  series  of  similar  substances.  The  diaphragms  used  in  dia- 
lysis are  also  insoluble,  gelatinous,  forms  of  colloids.  The  bodies  of 
animals  and  plants  consist  larj^ly  of  similar  matter,  insoluble  in  water, 
corresponding  with  the  gelatinous  or  insoluble  silicon  hydrate,  or  with 
glue.  The  albumin  which  coagulates  when  eggs  are  boiled  is  a  typical 
form  of  the  gelatinous  condition  of  such  substances  in  the  body. 
These  slight  indications  are  sulhcient  in  order  to  see  how  gi-eut  is  the 
Mgnificance  of  those  transformations  which  are  so  sharply  obRcr\*nblo 
In  silica.  The  facts  discovered  by  Graham  in  lf>6l-186't  comprise  the 
most  essential  acquisitions  in  the  general  association  of  these  pheno- 
mena of  nature  in  the  histoty  of  organic  forms.  The  facility  of  transit 
from  hydrogel  to  hydrosol  is  the  tirst  condition  of  the  possibility  of  the 
development  of  organisms.  The  blood  contains  hydrosols,  and  the 
hydrogels  of  the  same  substances  are  contained  in  the  muscles  and  tis- 
sues, and  especially  on  the  sur^e,  of  the  body.     All  tissues  are  formed 
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from  the  Ijlood,  and  in  that  case  the  hydrosols  turn  into  hydrogelaT'* 
absence  of  crystallisation,  the  property,  apparently  under  influence  of 
feeble  agencies,  of  passing  from  the  soluble  condition  to  the  insoluble,  to 
the  gelatinous  condition  of  the  hydragel,  compose  the  fundamental  pro- 
perties of  all  colloids.''-' 

Silica,  as  regards  its  aall-forming  proytrlift,  stands  in  the  series 
of  osidea  on  the  boundary  line  on  the  side  of  the  acida  in  just  such  a 
place  as  alumina  occupies  on  the  side  of  the  bases — that  is,  ahiininium 
hydroxide  is  the  representative  of  the  feeUlest  bases  and  silicic  acid 
is  the  least  energetic  of  acids  (at  least  in  the  presence  of  water — that 
is,  in  aqueous  solutions)  ;  m  alumina,  however,  the  basic  proper- 
ties are  distinctly  expressed,  while  in  silina  the  acid  properties  pre- 
ponderate. Like  all  feeble  acid  oxides  it  is  capable  of  forming,  with 
otlier  acids,  but  slightly  stable  saline  compounds  which  are  very  easily 
decomposed  in  the  presence  of  water,  but  nevertheless  it  does  not  form 
compounds  in  the  presence  of  water  with  other  acids,  whilst  alumina, 
although  forming  saline  compounds  with  acids,  is,  like  all  feebly  basic 
acids,  at  the  same  time  capable  of  combining  with  alkalis.  The  chief 
peculiarity  of  the  silicates  consists  in  the  number  of  their  types. 
The  salts  formed  with  nitric  or  sulphuric  acid  exist  in  one,  two,  and 
iju-ee  fairly  stable  forms,  but  for  acids  like  silicic  acid  the  number  of 
forms  is  very  great,  almost  unlimited.  The  natural  silicates  in  parti- 
cular furnish  proof  of  this  fact ;  they  contain  various  bai.es  in  combina- 
tion with  silica,  and  for  one  and  the  same  base  there  often  exist  various 
degrees  of  combination.  As  feeble  bases  are  capable  of  forming  basic 
salts  in  addition  to  normnl  salts — that  is,  a  compound  of  a  normal 
salt  with  a  feeble  base  (either  the  hyd  roxide  or  the  oxide)— so  the  feeble 
acid  oxides  (although  not  all)  form,  in  addition  to  normal  suits,  highly 
ncidsalts  -that  is,  normal  salts  ;'/i(*aoid  (hydrate  or  anhydride).  Such 
ftfids  are  boric,  phosphoric,  moIyMic,  chromic,  and  especially  silicic, 
acid.     These  sitlts  are  alt  non-volatile. 


>*  A  Bimilar  procesB  (ucara  in  pUnta — for  eiample.  nhen  (he;  aecieta  t.  store  nf  mule- 
rial  for  the  foUoning  ;ear  in  Iheir  hulbn,  moM,  He.  (focinatame,  thepntad)  in  ilB  tubuni). 
[he  lolutions  from  the  leave*  and  iitcma  penetnite  inw  the  tuota  and  other  pirtt  in  the 
turm  othjdiDsols,  where  tliej  are  ennrerlvd  into  hjctrngeU— that  is,  iatoaninBOluble  forni. 
which  ii  ifled  on  with  difficulty  und  ia  easily  kept  nnnllenHl  until  the  period  of  growth 
—for  example,  until  the  following  upring— when  the<r  are  re-oonverted  into  hydioiiola,  and 
the  ineoluhle  subatance  re-pnters  into  the  nap,  and  aervea  an  a.  eDnioe  of  the  hydroguls  in 
the  leavi'S  and  other  portionn  of  plantfl- 

'"  Ah  rej^arda  their  chemical  (xmipoaition  the  coUoid§  are  very  complex— that  ia,  have 
a  high  moletnlftr  weight  and  a  large  molecular  volume— in  consequence  of  which  they  do 
not  penetrate  through  membranea,  and  tue  SKaily  aubject  to  variation  in  their  phyaical 
and  chemical  properties  (owing  to  their  complex  elructure  and  polymerisiu  7)  Thej  have 
but  little  chemical  energy,  and  are  generally  f-eeble  acidii. 
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In  order  to  explain  these  reliktioDS  it  is  necessary  first  to  recollect 
the  existence  of  the  various  hydrates  of  silica,  or  silicic  acids,  ^"  anil  then 
to  turn  our  attention  to  the  similarity  between  sihcon  compounds  and 
metallic  ulioya.  Silica  is  an  oside  having  the  appBarance  of,  and  in 
many  respects  the  same  properties  as,  those  oxides  which  combine  with 
it,  and  if  two  tnetals  are  capable  of  forming  a  homogeneous  alloy  iii 
which  there  exist  definite  or  indefinite  compounds,  then  it  ia  lawful  to 
assume  a  similar  power  of  forming  mutual  alloys  in  the  case  of  oxides. 
Such  alloys  are  found  in  indefinite,  amorphous  masses  in  the  form  of 
glass,  lava,  slags,  and  a  number  of  similar  siliceous  compounds  which 
do  Dot  contain  any  definite  types  of  combination,  but  nevertheless  are 
homogeneous  throughout  their  mass.  By  slow  cooling,  or  under  other 
circumstances,  definite  crystalline  compounds  may — and  sometimes  do 


>°  This  is  in  mcccirdBnce  with  the  KenKinIly-acceptei)  ropresentatioii  nt  the  relatioDB 
between  snltii  imd  the  hydnittw  of  acids,  but  it  is  of  little  help  in  the  Btndy  nl  silipeouB 
(4nnpoande,becanae(l)  (ha  hydrates  ore  mithingelnebut  wklMof  hydrogen,  uid.  (horefore, 
Uisy  roast  bear  the  same  reljilion  lo  each  other  as  salts  do ;  (9|  the  hydrate  8iO~,3H,0  in 
aJmoBt  unknown,  whilut  i^omponndn  of  silica  with  a  large  proportion  of  water  have  long 
been  known,  and  salts  are  known  which  contaia  astiUlsiger  relative  proportion  of  basea, 
Properly  speaking,  it  becomes  neeosBsry  to  oiplain  the  property  of  (SiOj).  tn  combine 
Willi  (R0)_,  where  »  may  be  greater  than  m.  and  where  R  may  be  H,.  There  we  are 
tided  by  those  facts  which  hare  been  attained  hy  the  inyestigatian  of  carbon  componnds. 
eapaoUlly  with  reapeot  to  glycol.  Olycol  is  a  compound  baring  the  composition  CjHgOi, 
only  differing  from  alcohol,  C,HbO,  by  An  extra  ktom  ol  oiygen.  This  hydrate  con- 
tains two  hydroiyl  groapB,  which  may  be  suc<«Bsive!y  replaced  by  elilorino,  and  the 
hydrogen  ol  both  may  be  aacceesively  snbstituted  by  sodium  and  various  acid  tadicles. 
Therefore  the  composition  of  glycol  ahoold  be  repreeenled  aa  CgH,(011|,.  It  has  been  loaud 
that  glycol  lomu  so-called  polyglycols.  Their  origins  will  he  nnderstood  from  the  fact  that 
glycol  as  a  hydrata  has  a  corTes|iuiiditig  anhydride  of  the  composition  C^H^O,  knoim  as 
ethylene  oxide.  This  snbetanco  is  ethane,  C^Hg,  in  which  two  hydrogens  are  replaced  by 
one  atom  of  oxygen.  Ethylene  oxide  is  not  the  only  anhydride  of  glycol,  although  it  is  the 
simplest  one,  because  CaK,O^C}H,(OH),-H,0.  Various  otbet  anhydrides  of  glycol 
anpoai>{hlc,and  have  actually  been  obtained.of  the  composition  nC,H,(OH),-ln— 1)11,0 
-(C,H,).0,-i(OH),.  These  imperfect  anhydrides  of  glycol,  or  polvglyeoli,  still  con- 
t«iii  hydroiylp  like  glycol  itself,  and  therefore  are  of  an  alcoholic  character  in  the  same 
degree  *■  glycol  itself.  They  are  obtained  by  various  methods  and,  amongst  others,  by 
Ulc  direct  combination  ol  ethylene  oiide  with  glycol,  bocsose  C,H^(0H|,4  (n  -  1)C^H,0 
■-(C,H,),0.-i(OHV  The  moat  imporUnt  ciicumslAnce.  from  a  theoretical  point  of 
itiew,  is  that  these  polyethylenic  glycols  may  be  distilled  without  undergoing  dmn^mpasi- 
tion,  and  that  the  general  formula  giren  above  eipressoa  their  actual  oolecnlar  L-nmpoBi> 
tion—thal  is,  corresponds  with  their  molecular  weight.  Hence  we  have  here  a  direol 
combination  of  the  anhydride  with  tfac  hydrate,  and,  moreover,  a  repeated  one.  The 
formata  A„  HjO  may  eipresa  the  composition  of  glycol  and  poljglycols  with  respect  to 
ethylene  oiide  ia  a  most  umple  muiner.  if  A  stand  for  etiiylene  oiide.  When  n  =  l  we 
bare  glycol,  when  n  is  greater  than  1  a  polygljcot.  Such  also  is  the  relation  of  the  aalta 
of  hydrate  of  silica,  if  A  stand  for  silira,  and  if  we  imagine  that  HjO  may  also  be  taken 
■R  tiniea.  8ach  ■  repiesentatiiin  uf  the  polytilitic  acidt  corresponds  witli  the  representa- 
tion of  the  polymeristn  of  silica.  Laurent  supposed  the  eiistente  of  several  polymeric 
tonns,  StgOf,  SijOa  <lo,,  beBides  silica,  tiiO,.  It  is  obvious  that  the  letter  n  presupposes 
•imilar  polymeric  fonui. 
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>^'|.wLrHU>  horn  thds  homogeneous  mass,  as  also  sometimes  definite 
.  I  v.xUilliiio  i*lioyi»  separate  from  metallic  alloys. 

Iho  toriuatjioa  of  crystalline  rocks  in  nature  is  partly  of  such  a 
luiiurc.  By  aqueous  or  igneous  agency,  hut  in  any  case  in  a  liquid 
ooaditioa,  tho^  oxides  which  form  the  earth's  crust  and  her  crystalline 
luiucrals  came  into  mutual  contact.  First  of  all  they  formed  a  shape- 
li*ji.s  maaLS,  of  which  lava,  glass,  and  slags  are  examples,  hut  little  by 
little,  or  else  suddenly,  some  definite  compounds  of  certain  oxides  exist- 
ing in  this  alloy  or  in  the  shapeless  mass  were  formed.  This  is  entirely 
siiuiilar  to  two  metals  forming  a  homogeneous  alloy,^*  and  under  known 
circumstances  (for  instance,  on  cooling  the  alloy,  or  in  the  case  of  aqueous 
solution,  when  the  two  metals  are  simultaneously  liberated  from  the 
solution),  crystalline  definite  compounds  are  separated.  In  any  case 
there  is  no  doubt  that  there  is  less  distinction  between  silica  and  bases, 
than  between  bases  and  such  anhydrides  as,  for  instance,  sulphuric  or 
nitric,  or  even  carbonic,  as  is  seen  on  comparing  the  physical  and 
chemical  properties  of  silica  and  various  kinds  of  oxides.  Alumina, 
eaj>ecially,  is  exceedingly  near  akin  to  silica  ;  not  only  in  the  hydrat^d 
state,  but  also  in  the  anhydrous  condition,  there  even  exists  a  certain 

*^  For  us  the  latter  have  not  a  saline  character,  only  because  they  are  not  regarded 
from  thi«  point  of  view,  but  an  alloy  of  sodium  and  zinc  is,  in  a  wide  sense,  a  salt  in  many 
of  its  reactions,  for  it  is  subject  to  the  same  double  decompositions  as  sodium  phosphide 
or  sulphide,  which  clearly  have  saline  properties.  The  latter,  when  heated  with  ethyl 
iodide,  forms  ethyl  phosphide,  and  the  former — i.e.  the  alloy  of  zinc  and  sodium — gives 
sine  ethyl ;  that  is,  the  element  (P,  8,  Zn)  which  was  united  with  the  sodium  passes  into 
combination  with  the  ethyl :  RNa  +  EtI=REt4-NaI,  hence  the  alloy  of  sodium  and  zinc 
is  a  saline  substance  in  the  same  sense  that  sodium  sulphide  is.  By  combining  sodium 
rtuccossively  with  chlorine,  sulphur,  phosphorus,  arsenic,  antimony,  tin,  and  zinc  we  obtain 
substances  having  less  and  less  the  ordinary  appearance  of  salts,  but  if  the  alloy  of  sodium 
and  zinc  cannot  be  termed  a  salt,  then  perhaps  this  name  cannot  be  given  to  sodium  sul- 
phide, and  the  compounds  of  sodium  with  phosphorus.  The  following  circumstance  may 
also  be  observed :  with  chlorine,  sodium  gives  one  compound  (with  oxygen,  at  the  most 
three),  with  sulphur  five,  with  phosphorus  probably  still  more,  with  antimony  naturaUy 
still  more,  and  the  more  analogous  an  element  is  to  sodium,  the  more  varied  are  the  pro- 
portions in  which  it  is  able  to  combine  with  it ;  the  less  are  the  alterations  in  the  pro- 
perties which  take  place  by  this  combination,  and  the  nearer  does  the  compound  formed 
approach  to  the  class  of  compounds  known  as  indefinite  chemical  compounds.  In  this 
sense  a  siliceous  alloy,  containing  silica  and  other  acids,  is  a  salt.  The  oxide  to  a 
certain  extent  plays  the  same  part  as  the  sodium,  whilst  the  silica  plays  the  part  of  the 
acid  element  which  was  taken  successively  by  zinc,  phosphorus,  sulphur,  <tc.,  in  the 
above  examples.  Such  a  comparison  of  the  silica  compoimds  with  alloys  presents  the 
great  advantage  of  including  under  one  category  the  definite  and  indefinite  silica  com- 
pounds which  are  so  analogous  in  composition — that  is,  brings  under  one  head  such 
crystalline  substances  as  certain  minerals,  and  such  amorphous  substances  as  are  fre- 
quently met  with  in  nature,  and  are  artificially  prepared,  as  glass,  slags,  enamels,  &c. 

If  the  compounds  of  silica  are  substances  like  the  metallic  alloys,  then  (1)  the  chemical 
union  between  the  oxides  of  which  they  are  composed  must  be  a  feeble  one,  as  it  is  in  all 
compounds  formed  between  analogous  substances.    In  reality  soch  feeble  agencies  as 
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similarity  between  the  crystalline  forms  of  alumina  and  silica,  taken 
sepamtely.  Both  are  very  hard,  transparent,  inactive,  non-volatile, 
ipfuaible,  and  crystallise  in  the  hpxagonal  system — in  a  word,  tliey  are 
remarkably  simitar,  and  for  this  reason  they  are  capable,  like  two  kin- 
dred metals,  of  entering  into  many  various  degrees  of  combination, 
Isomorphous  mixtures— that  is,  the  substitution  of  oxides  akin  both  in 
their  properties  and  chemical  characters — are  very  frequently  met  witli 
among  minerals,  and  the  study  of  the  latter  gave  the  principal  support 
to  the  study  of  isomorphism.  Thus,  in  a  whole  aeries  of  minerals,  lime 
and  magnesia  are  found  in  variable  and  interchangeable  proportions. 
ExActly  the  same  may  be  said  of  potassium  and  sodium,  of  alumina 
and  ferric  oxide,  of  manganous,  ferrous,  magnesium  oxides,  ifcc. 
Such  isomorphous  mixtures  do  not,  however,  extend  without  change 
of  form  and  properties  beyond  ceitain  rather  narrow  limits.  What  I 
mean  hy  this  is  that  lime  is  not  always  replaced  totally,  but  often 
only  in  small  quantities,  by  magnesia,  or  by  the  manganous  and  fer- 
rous oxides,  without  changing  the  crystalline  form.  The  same  may 
he  observed  concerning  potassium  and  lithium,  which  may  be  in  part, 
but  not  completely,  replaced  by  sodium.  On  the  total  substitution  of 
one  metal  for  another,  often  (although  not  invariably)  the  entire  nature 
of  the  substance  is  changed  ;  for  instance,  erialatiU  (or  bronzite)  is  a 
magnesium  bisilicate  with  a  small  isomorphous  sulistitution  of  calcium 
for  magnesium  ;  its  comftoaition  is  expressed  by  the  formula  MgSiOj,  it 
belongs  to  the  rhombic  system.  On  the  entire  substitution  of  calcium, 
folloflonite,  CaSiOj,  of  the  monocUnio  system,  is  obtained  ;  when 
maneanese  is  substituted,  rhoJonite,  of  the  tricHnic  system,  is  produced  ; 
but  in  all  of  them  the  angles  of  the  prism  are  86°  to  88°. 

It  is,  however,  easy  to  imagine,  and  fact  confirms  the  supposition, 
that  in  a  complex  siliceous  compound  containing,  for  instance,  sodium 


e,  BlthouKh  iJniKly,  tn  Mt  on  snd  doBtroy  tbe  mttjorily 
ids  in  rucks,  rh  we  Haw  in  Uia  prspeilinK  chapter;  IS) 
hUojfl,  should  not  be  afVDDtpnjiied  by  u  couajdetvble 
ctoall]-  the  cnse.     For  et&mpie,  teUpiir  ling  a  ■peciGa 


nter  lUid  cnrboaiD  uid  a, 
nf  the  wimplei  silica  noi 
lh«ir  tonnatinn,  liks  thit 
tltmtioD  oF  volnine;  and  Ihia 


be  K,O.AI,0., 

ibe  6SB-a:2-e-fiU;  the  valamii  of  K.O-8S, 
9  vaia  ul  lliB  tdIiuiwb  d(  the  component 
ibtIji  eqaal  to  that  nl  the  lelBpar;  thsb  ia, 
ight  eipsnaion.  and  not  b;  CDntraction.  ag  ia  the  case  in 
hen  combiimlions  determined  by  atrong  affinities  ue 
leation  the  ume  phenomenon  ia  ohaerved  oh  in  solution! 
if  focble  affinitisB,  So  also  the  apeciflc  gravity  of  k'^'B* 
onnt  of  those  oiidea  which  eotvra  into  its  compoBitioD. 
n  Ibe  precodhiK  eiumple  we  lake  the  np.  gr,  of  silica  tu  be,  not  3-05,  bnt  8'3.  then  its 
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ot  OTthoctaoe. 
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and  calcium,  the  whole  of  the  sodium  may  be  replaced  by  potassium, 
and  at  the  same  time  the  whole  of  the  calcium  by.  magnesium,  because 
then  the  substitution  of  potassium  for  the  sodium  will  produce  a 
change  in  the  nature  of  the  substance  contrary  to  that  which  will 
occur  from  the  calcium  being  replaced  by  magnesium.  That  increase 
in  weight,  decrease  in  density,  increase  of  chemical  energy,  which 
accompanies  the  exchange  of  sodium  and  potassium  will,  so  to  speak,  be 
compensated  by  the  exchange  of  calcium  and  magnesium,  because  both 
in  weight  and  in  properties  the  sum  of  Xa  +  Ca  is  very  near  to  the  sum 
of  K  -h  Mg.  Pyroxene  or  atu/ite  can  be  taken  as  an  example  ;  its  com- 
position may  be  expressed  by  the  formula  CaMgSi^Og  ;  that  is,  it 
corresponds  with  the  acid  HjSiOj ;  it  is  a  bisilicate.  In  many 
respects  it  closely  resembles  another  mineral  called  '  sj-odu- 
mene'  (they  are  both  monoclinlc).  This  latter  has  the  composition 
LigAlgSii5045.  On  reducing  both  formulae  to  an  equal  contents  of 
silica  the  following  distinction  will  be  observed  between  them  :  spodu- 
mene  (Li2O)^(Al2O3)»30SiO2  ;  augite  (CaO),,(MgO),,30SiO2.«  That 
is,  the  difference  between  them  consists  in  the  sum  of  the  magnesia  and 
lime  (MgO)i5  +  (C^O)|5  replacing  the  sum  of  the  lithium  oxide  and  alu- 
mina (Li20)e  +  ( AljOs),)  ;  and  in  the  chemical  relation  these  sums  are 
near  to  one  another,  because  magnesium  and  calcium,  both  in  forms 
of  oxidation  and  in  energy  (as  bases),  in  all  respects  occupy  the  mean 
between  lithium  and  aluminium,  and  therefore  the  sum  of  the  first  may 
be  replaced  by  the  sum  of  the  second.*^ 

n  If  we  take  the  compoBiiion  of  spodumene,  as  it  is  often  represented  to  be, 
Li20,Al^O-„4Si02,  then  the  corresponding  formula  of  augite  will  be  (CaO)2,(MgOj.>.4Si02, 
and  also  the  amount  of  oxygen  in  the  sum  of  Li^OAl^Oj  will  be  the  same  as  in  (CaO)o(  MgO)^. 
I  may  remark,  for  the  sake  of  clearness,  that  lithium  belongs  to  the  first,  aluminium  to  the 
third  group,  and  calcium  and  magnesium  to  the  intermediate  second  group ;  lithium,  like 
calcium,  belongs  to  the  even  series,  and  magnesium  and  aluminium  to  the  uneven. 

The  representation  of  the  substitutions  of  analogous  compounds  here  introduced  was 
fUvt  deduced  by  me  in  1856.  It  finds  much  confirmation  in  facts  which  have  been  sub- 
sequently discovered — for  example,  with  respect  to  tourmalin.  Wiilfing  (1888),  on  the 
basis  of  a  number  of  analyses  (especially  of  those  by  Riggs),  states  that  all  its  varieties 
contain  an  isomorphous  mixture  of  alkali  and  magnesia  tourmalin ;  into  the  composi- 
tion of  the  former  there  enters  12Si02,8B205,8Al203,2Na20,4H.20,  and  of  the  latter 
12Si02,8B.205,5Al20.^,12MgO,3H20.  Hence  it  is  seen  that  the  former  differs  by  the  sum 
of  8Al203,2Na20,H20,  and  that  in  the  latter  this  sum  of  oxides  is  replaced  by  12MgO,  in 
which  there  is  as  much  oxygen  as  in  the  complement  of  the  more  sharply-defined  base 
UNafO  and  less  basic  8AI2O3H2O — that  is,  the  relation  is  just  the  same  here  as  between 
augite  and  spodumene. 

^  With  respect  to  the  silica  compoundn  of  the  various  oxides,  it  must  be  observed 
that  only  the  alkali  salts  are  known  in  a  soluble  form ;  all  the  others  only  exist  in  an 
insoluble  form,  so  that  a  solution  of  the  alkali  compounds  of  silica,  or  soluble  glass,  gives 
a  precipitate  with  a  solution  of  the  salts  of  the  majority  of  other  metals,  and  this  pre-- 
cipitate  will  contain  the  silica  compounds  of  the  other  bases.  The  silica  compounds  of 
the  alkalis  may  be  obtained  by  a  dry  or  wet  method  by  fusing  the  alkalis  or  their  c&r^ 
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The  most  remarkable  complex  siiiceoua  compounds  are  the/e/npnra, 
which  enter  into  nearly  all  the  primary  rocks  like  porphyry,  granite, 

1xifiat«(i  in'Ui  aiticn,  or  b;  diaialvuig  the  hydrates  of  silica  in  the  cnuitic  alknlia,  hh  hu 
■>«<□  alruidy  nuiDtioDed.  The  matimum  Bmount  of  dio  gelatinous  bydrnta  of  eilion, 
which  difiHolrss  in  eaastic  potash,  coirenpan-dii  with  the  formation  of  ■  oompoanil, 
US-jO,aSJO.,.  Bat  this  compound  is  alreod;  inuoluble  in  cold  vater,  and  is  portialljr 
ilMompoHed,  with  the  precipittiUan  of  bydnteof  silica,  on  cooling  thenolatian,  Solatiooi 
containing  a  unaller  amontil  of  silica  may  bo  kept  for  an  indefinite  Hum  witbont  deci<ui- 
poaine,  anil  silica  does  not  Kepacato  ont  fiom  the  lotutioa  ;  bat  in  thii  case  n  definite 
compoand  israteljr  obtained,  because  such  componnda  crjatalliss  from  the  solutions  with 
ditSculty.  However,  a  orystalline  biailicala  (with  water)  has  been  oblaiaed  lot  sodium 
Laving  the  composition  NajO.SiOg — i.e.,  oonesponding  to  netaeilicin  uiid,  SiO(OH),. 
The  whole  of  tbe  avrbouic  acid  is  evolved,  and  a  umilar  sodiiun  metosilicate  is  obtained 
on  tnaing  8'5  ports  of  sodiua  unibonat?  wilh  1  parte  of  silica.  If  less  silica  is  taken,  a 
pottiotfi  of  the  sodium  carbonate  i^moina  nndec«mpoaed  '»  howerer.a  substance  may  then 
b«  obtained  of  the  composition  Si(0!la)i,  corresponding  with  orthosiliuo  ooid.  It  contains 
the  nuuininm  amount  of  todinm  oiide  capable  o(  combining  with  silica  under  fusion. 
Itisasodinm  orthosilicate,  (N%0).;,8i0j.    There  are  higher  degrees  of  combination; 

euboDale  a  larger  proportion  of  silica  is  taken  Chun  is  required  for  the  [Dmtnlton  of  the 
oieUsiheate,  then  nevertheless  all  the  silica  passes  into  the  alloy,  ollbough  tlie  resiJtant 
mass  ia  less  fnbible  and  less  soluble  in  water,  bnt  still  it  is  hnmngencons.  AlVoline 
solutions,  sBtnrtitBd  with  silica  and  known  asiu'uAfff  jr'usj,  are  prepared  on  a  large  scala 
fur  Iscbnical  purposes  by  the  action  of  potassium  {or  sodiuml  hydroxide  in  a  steam  boiler 
nn  tripoli  or  infasorin]  enrtb,  which  cnntatna  ii  large  proportion  of  amorphoas  silica. 
Balntions  of  tbe  alkaline  silieittes  hsve  nil  an  nllialine  reaction,  and  are  even  decomposed 
hf  eaibonic  acid.  They  are  chiefly  used  by  tlie  dyer,  for  the  some  purposes  «s  aodinm 
alBminate,  and  also  lor  giving  a  hardness  and  polish  to  stucco  and  other  cements,  and  in 
general  In  sulislanoH  which  contain  lime.  A  Ituup  of  chalk  when  immersed  in  salubla 
glasa,  or,  better  still,  when  moistened  with  a  solntion  and  afterwards  washed  in  water  (or, 
bvUcr,  in  hydioRuoulicic  scid,  in  order  to  bind  together  the  free  alkali  and  make  it 
iosolable),  becomes  exceedingly  hard  and  loses  its  friability,  and  is  rendered  cohesive, 

hyidrateof  silica  present  in  the  solntion  acta  upon  the  lime,  formine  a  stony  mass  of 
oslcintn  silicate,  whilst  the  carbonic  acid  previoiHty  iu  combinstion  witb  the  lime  enters 
into  conbiuation  with  the  aOcali  and  is  waalied  away  by  the  water. 

Calcium  corbonatai  and  the  corbonaTes  of  th«  alkaline  earths  in  genernl.  nlso  evolve 
all  their  carbonic  acid  when  heated  with  silica,  ond  in  some  instances  even  fonu  some- 
what fusible  alloys.  Lime  forma  a  fusible  sla£  of  caleium  itlicait,  of  the  composition 
CaO.SiOi  and  3CaO,3Si03.  With  a  krger  proportion  of  silica  the  slafis  are  infasible  in  a 
Inniace.  The  magnesium  ilagi  are  less  fusible  than  those  with  lime,  and  are  ofU-n 
tanDHl  in  smelting  metals.  Many  compounds  of  the  metals  of  tbe  alkaline  earths  with 
•fliCB  areal»  met  with  in  nature.  For  instance,  among  the  magnenamcoiiiiHmnds  there 
ia  olivine,  tUg0)t,SiO.n  sp.  gr.  S'l,  which  occurs  in  meteorites,  and  sometimes  forjis  a 
pt«eion«  stone  (peridote),  and  occurs  in  slogs  ond  basalts.  It  is  decomposod  by  acids,  is 
intoaible  before  the  blaw-|iipe,  nnd  erystolllsM  in  the  rhombic  system.  Serj>entinc  has 
the  eompnsition  8MgO,-J8i02,!IH,D ;  it  sometimes  forms  whole  mountains,  and  is  dis- 
tinguished for  its  great  cobesiveness,  and  is  therefore  used  for  building  purposes.  It  is 
poorally  tinted  gieen ;  its  specific  gravity  is  SE ;  it  is  exceedingly  infusible. even  before 
the  blow-pipe.  It  is  acted  on  by  ocids.  Among  the  magnesium  oompounds  of  silica, 
(oieiB  very  widely  used.  It  is  frequently  met  with  in  rocks  which  ore  widely  distributed 
in  natare,  and  sometimes  in  compact  masws ;  it  writes  like  a  slate  pencil  or  chalk,  and 
>■  greasy  to  the  touch,  and  is  thereFcire  also  known  as  tItalUe.     It  cryslnllises  in  the 
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gneUfs,  <l'c.  These  felspars  always  contain,  in  addition  to  silica  and 
alcmina,  oxides  presenting  more  marked  basic  properties,  such  as  potash, 
soda,  and  lime.  Thus  the  orthoclase  (adnlaria),  or  ordinary  felspar 
(monoclinic)  of  the  granites,  contains  KjOyAljO^jGSiO^ ;  albite  contains 
the  srime  sul^stances,  only  with  Na^O  instead  of  K^O  (it  already  a{^r- 
tains  to  the  triclinic  system)  ;  anorthiU  contains  lime,  and  its  composi- 
tion i>4  CaO,Al202,2Si02.  On  expressing  the  two  latter  in  equal 
Uinnh  of  oxygen,  we  have  : — 

Albite        Naj         AI2         Sig        O,^ 
Anorthite  Ca,  AI4         Sif         0,g 

Jt  iis,  then,  e\'ident  that  on  albite  turning  into  anorthite  Na^Si^  is  re- 
placed >iy  CajAlr,  and  this  sum,  both  in  chemical  energy  and  in  form 
of  oxide,  may  be  counted  as  corresponding  with  the  first,  because 
sodium  and  silicon  are  extreme  elements  in  chemical  character  (from 
groups  I.  and  IV.),  and  calcium  and  aluminium  are  means  between 
them  (from  groups  II.  and  III.),  and  actually  both  these  felspar  mine- 
rals are  not  only  of  one  (triclinic)  system,  but  form  (Tschermak, 
Schust^fr),  judging  from  their  composition  and  all  their  properties, 
all  possible  kinds  of  definite  compounds  (isomorphous  mixtures)  between 

greany  to  the  touch,  and  haying  a  sp.  gr.  2*7.  Thef;e  lamina?  are  very  soft,  Instrons,  and 
tnuiH|mrciit,  and  are  infusible  and  insoluble  in  acids.  The  composition  of  talc  approaches 
nearly  t'»  flMgO/iSiO-^.SHaO. 

Anions  the  crystalline  silicates  the  following  minerals  are  known : — WoUastonite 
(tiibulHi'-spur),  crystallises  in  the  monoclinic  system;  sp.  gr.  2*8;  it  is  semi-transparent, 
diftW'iiItly  fuHible,  decomposed  by  acids,  and  has  the  composition  of  a  metaailicate, 
Ca<^)Si()^.  But  isomorphous  mixtures  of  calcium  and  magnesium  silicates  occur  with 
particuliir  frequency  in  nature.  The  augitea  (sp.  gr.  83),  diallages,  hypersthenes,  hom- 
blendcH  ^Hp.  gr.  8*1),  amphiboles,  common  asbestos,  and  many  similar  minerals,  some- 
titnifK  foriiiiiig  the  essential  parts  of  entire  rock  formations,  contain  Tarious  relative 
proix)rtionH  of  the  bisilicates  of  calcium  and  magnesium  partially  mixed  with  other 
metallic  HJlicates,  and  generally  anhydrous,  or  only  containing  a  small  amount  of  water. 
Many  r>f  tlieso  minerals  present  a  composition  in  which  there  are  equal  atomic  amounts 
of  linu*  and  magnesia,  and  sufficient  silica  to  form  a  metasilicnte — that  is,  their  composi- 
tion iqiproaohes  to  the  formula  MgO,CaO,2Si02 ;  but  sometimes  a  considerable  proportion 
of  alumina  also  enters  into  their  composition,  and  still  more  often  the  amount  of  silica 
excei'dn  that  given  in  the  above  formula.  In  the  pyroxenes,  as  a  rule,  the  lime  pre- 
doniinuto",  and  in  the  ami)hiboles  (also  of  the  monoclinic  system)  the  magnesia 
predominates. 

Chiy  is  one  of  the  hydrous  silicates  of  alumina,  (Al203)„,(Si02)M.  These  are  all  infusible 
at  a  furnace  heat,  or  only  soften  with  difficulty.  The  most  easily  softened  is  the  com- 
pound containing  2Al203,9Si02  (trisilicate).  In  an  anhydrous  state  in  nature  there  are 
known,  for  example,  the  atauroUies^  of  the  rhombic  system,  hard  as  quartz,  sp.  gr.  8"7, 
»HjO-,2SiO.^,  where  R  is  aluminium  partially  replaced  by  iron  in  the  form  of  ferrous  and 
ferric  oxides.  This  is  almost  a  semi-silicate,  becauf^e  it  contains  O4  in  the  form  of  silica 
to  C).,  in  the  form  of  alumina,  and  we  may  remark  that  more  energetic  bases  do  not  give 
such  lower  degrees  of  combination  with  silica  and  such  basic  salts,  and  we  know  that  the 
faculty  tu  form  such  salts  is  clearly  developed  in  alumina. 
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themselves.  Thus  otigocUse,  andesine,  labrailorite,  d-c.  (plagiocUses),  are 
nothing  more  than  mutual  combinations  of  nlbite  and  anortliite.  Thus 
albite,  Na.jOjAljOj.GSiOj,  enters  into  the  coiupoaition  of  lalii-ailoritn 
in  combination  with  one  to  two  parts  o£aiiort]utfi(CaO),(AI^Oj)j{Wi(l;),. 
The  class  of  sfoHlnn  corresponds  to  the  felspars;  they  are  Jiydrated 
compounds  of  a  similar  composition  to  tlie  felspars.  Thus  luilrulitit 
contains  NajO,Al20j,3SiOj,2HjO,  and  analcime  presents  the  same 
composition,  but  contains  4SiOj  instead  of  3SiO,,  In  general,  the 
felspars  and  zeolites  contain  ROiAl^OsinSiO^,  where  n  varies  con- 
siderably.** 

Such  complex  silicates,  containing  all  other  bases  except  alkuUs,  are 
generally  instJubie  in  water,*'  and  if  they  undergo  change  in  it,  it  is 

**  The  mtijority  nt  tbo  siliceou*  miaeriLlB  hnie  dow  been  obtainiid  utificlall;  nnder 
VMiou*  cooditioni..  Thus  N.  N.  SokoloR  ehoirwl  tbnt  iiUks  ferj  treiuentlr  tcinlain 
pttidoln.  HanteteuiUu.  ChrDUstchod.  Friedel,  itnd  Snnuin  obtained  lelapur  identical  in 
all  rtwpecls  Hitb  the  natDrul  minsrata.  The  deLuiU  ot  tbe  metluidi  lisru  employed  uiD»t 
be  looked  for  in  ■pecial  warlu  on  mineculogy  ;  but,  bh  ad  example,  we  irill  dnicribe  the 
owthod  of  the  [irepiuatioa  ot  teUpu  employed  by  Fiiedel  and  Sarwrin  |IHiili.  From 
tbe  (act  that  telapai  gives  up  potaBsiani  eilicate  to  water  even  at  (lie  ordianry  tem- 
ptratare  (Oehnif'e  eipetiments),  they  concluded  that  the  lelapar  in  granites  liAd  on 
aqiHoai  arijtin  [and  Ihia  may  be  fiupponed  to  b«  the  oaie  from  geological  data) :  tlien,  in 
Ibe  Ont  place,  its  formation  could  not  be  accomplished  nnleuinCfaDpreeence  of  aneiceni 
of  a  loliition  of  pobuniata  (ilicate.  In  order  to  render  thia  argument  clear  I  mnr 
mentioD,  aa  an  eiainple,  that  camnllite  is  dMompoud  by  water  into  eoeily  lolnble 
■nagtiesiain  cliloride  and  potaiisium  chloride,  and  therefore  il  it  i«  ol  aqueoiig  origin  it 
Fuold  not  be  formed  otherwise  iJuui  from  a  solution  wmtiuning  an  eioeM  af  iBngnosinin 
chloride,  and,  in  tbe  HGcoud  place,  from  a  strongly-heated  solution ;  agaiii«  fvlspur  itself 
and  ila  fellow  compoaeuts  in  granites  &re  onhydruai.  On  theas  (nets  they  huied  their 
biperimeuts  of  besting  bydrales  of  silica  with  alununa  and  4  solation  of  iiotassiurQ 
■iliEats  iu  a  closed  veesol.  The  mixture  was  placed  in  a  tightly-closed  plntinnm  tsba, 
which  was  placed  in  a  stoel  tube  and  heated  Vo  dull  redness.  When  tbe  mixture  con- 
tajnad  an  excess  1^  silica  the  lesidae  contained  uany  crystuls  of  rock  crystal  and 
Iridymile,  together  witll  n  powder  of  felspsr,  whiuh  tormed  (he  main  pnidui^t  of  iIih 
ma«lio)i  when  the  piKipoctiun  of  hydrate  of  ^tilica  was  decreased,  and  a  mislare  of  n 
•Dlulionol  potassium  uilicalu  with  alumiDa  precipitated  tngetlier  with  the  silii-u  by  mixing 
•olnble  gUas  wilii  ■laminium  cUoride  was  employed.  The  cainpositiou,  pru|wrtiea.  and 
fciniui  of  the  roanllaiit  felspar  proved  it  to  be  identical  with  that  fotmd  in  Ditture.  Tbe 
eilKiRnienls  upproaeh  Tecy  nearly  to  the  natural  conditions,  all  the  more  lU  t«lii]UT  and 
qoart)  are  obtained  in  one  mixtare,  as  they  ■»  often  occar  together  in  nature. 

■>  The  application  ol  eemeiitt  ia  based  on  this  principle ;  they  are  those  sorts  at  lime 
which  generally  lomi  a  stony  mass,  which  even  hardens  under  water,  when  miicd  with 

The  hydraulic  properties  of  cements  are  due  to  their  containing  calcareous  and  silico- 
alnminons  oomponnds  wbioh  are  able  to  combine  with  water  and  form  hyilratus,  wlilth 
■n  than  unacted  on  by  water.  This  is  beet  prored,  in  the  first  place,  by  tliu  twt  that 
con^  *Ugs  oontaiuing  lime  and  nilicit,  and  obdiined  by  fusion  (tor  ciuinplc,  in  hlost- 
lanMoes),  solidify  like  cenieuts  when  linely  ground  and  mixed  witli  water :  and,  in  tbe 
•ncund  plare,  by  tba  metliod  now  employed  fcjr  the  manufactare  ot  ortillciiil  c^im-nln 
(Ibnneriy  imly  particular  and  comparatiiel;,  rare  nstoral  prodnots  were  used).  For  tliii 
pupoH  a  mixture  of  lime  and  chiy  is  taken,  containing  about  SS  p.c.  of  the  tatter;  this 
Miltorc  ia  theu  heated,  not  to  Iniiou,  but  nntil.  the  oatbonia  anhydride  and  water  eon- 
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but  very  slow,  and  more  often  only  in  the  presence  of  carbonic  acid. 
Some  of  the  silicates  which  are  insoluble  in  water  are  easily  and  directly 
decomposed  by  acids  ;  for  instance,  the  zeolites  and  those  fused  sili- 
cates which  contain  a  large  quantity  of  energetic  bases — such  as  lime. 
Many  of  the  silicates,  like  glass, *^  are  not   changed  by  the  action  a€ 

tained  in  the  clay  i«  expelled.  This  mass  when  finely  ground  forms  Portland  cemea^^ 
which  hardens  nnder  water.  The  process  of  hardening  is  based  on  the  formation  c^* 
chemical  compoonds  between  the  limef  silica,  almnina,  and  water.  These  substances  ar*"^^ 
also  fonnd  combined  together  in  Tarioas  natural  minerals — for  example,  in  the  zeoHtui:^  ■ 
as  we  saw  above.  At  all  events  the  hardened  cement  contains  a  considerable  amount  <^^ 
wat«r,  and  its  hardening  is  naturally  due  to  hydration — that  is,  to  the  formation  of  con*.  — 
pounds  with  water.  Well-prepared  and  very  finely-ground  cement  is  able  to 
comparatively  quickly  (in  several  days,  especially  after  being  rammed  down),  with  8 
(and  even  more)  of  cottrse  sand  and  with  water,  into  a  stony  mass  which  is  as  hard  anc 
durable  as  many  stones,  and  more  so  than  bricks  and  limestone.  Hence  not  only  alC^ 
maritime  constructimis  (docks,  jxtrts,  bridges,  &c.),but  also  ordinary  buildings,  are  mader 
of  Portland  cement,  and  are  distinguished  for  their  great  durability.  A  combination  of 
ironwork  (ties,  girders)  and  cement  is  particularly  suitable  for  the  construction  of  aque- 
ducts, arches,  reservoirs,  &c.  The  thickness  of  the  arches  and  walls  made  of  such 
cements  may  be  much  less  than  those  built  up  of  ordinary  stone.  Hence  the  production 
and  use  of  cement  rapidly  increases  from  year  to  year.  The  origin  of  accurate  data 
respecting  cements  is  chiefly  due  to  Vicat.  In  Russia  Professor  Schuliachenko  has 
greatly  aided  the  extension  of  accurate  data  concerning  Portland  cement.  Many  works 
for  the  manufacture  of  cement  have  already  been  established  in  various  parts  of  Russia, 
and  this  production  promises  a  great  future  in  the  arts  of  construction. 

*  Glass  presents  a  similar  complex  composition,  like  that  of  many  minerals.     The 
ordinary  sorts  of  white  glass  contain  about  75  p.c.  of  silica,  from  10  to  15  p.c,  and  even 
more,  of  sodium  oxide,  and  7  to  20  px.  of  lime ;  but  the  lower  sorts  of  glass  sometimes 
contain  up  to  10  p.c.  of  alumina.     The  mixtures  which  are  used  for  the  manufacture  of 
glass  are  also  most  varied.     They  take,  for  example,  about  800  ports  of  pure  sand,  about 
100  parts  of  sodium  carbonate,  and  50  of  limestone,  which  is  sometimes  taken  in  double 
this  proportion.     Ordinary  soda-glass  contains  sodium  oxide, lime,  and  silica  as  the  chief 
component  parts.     It  is  generally  prepared  from  sodium  sulphate  mixed  with  charcoal, 
silica,  and  lime  (Chapter  XII.),  in  which  case  the  following  reaction  takes  place  at  a  high 
temperature  :  Na-iSOj  +  C  +  Si02  =  Na2Si03  +  SOj  +  CO.     Sometimes  potassium  carbonate 
is  taken  for  the  prejiaration  of  the  better  qualities  of  glass.     In  this  case  a  glass,  potash- 
glass,  is  obtained  containing  potassium  oxide  instead  of  sodium  oxide.     The  best-known 
of  these  glasses  is  the  so-called  Bohemian  glass  or  crystal,  which  is  prepared  by  the 
fusion  of  50  parts  of  potassiom  carbonate,  15  parts  of  lime,  and  100  parts  of  quartz.   The 
preceding  kinds  of  glass  contain  lime,  whilst  crystal  glass  contains  lead  oxide  instead. 
Flint  glass — that  is,  the  lead  glass  used  for  optical  instruments — is  prepared  in  this 
manner,  natm^lly  from  the  purest  possible  materials.    Crystal  glass — i.e.  glass  containing 
lead  oxide — is  softer  than  ordinary  glass,  but,  on  the  other  hand,  it  is  more  fusible  and 
has  a  higher  index  of  refraction.   The  lower  qualities  of  glass — for  example,  bottle-glass — 
are  prepared  from  unsorted  and  impure  materials,  and  therefore  contain,  besides  the 
colourless  oxides,  other  substances  and  iron  oxides,  which  communicate  different  tints  to 
the  glass.     However,  although  the  materials  for  the  preparation  of  glass  be  most  care- 
fully sorted,  a  certain  amount  of  iron  oxides  falls  into  the  glass  and  renders  it  greenish. 
This  coloration  may  be  destroyed  by  adding  a  number  of  substances  to  the  glassy  mass, 
which  are  able  to  convert  the  ferrous  oxide  into  ferric  oxide ;  for  example,  manganese 
peroxide  (l>ecau8e  the  peroxide  is  deoxidised  to  manganous  oxide,  which  only  gives  a  pale 
violet  tint  to  the  glass)  and  arsenious  anhydride,  which  is  deoxidised  to  arsenic,  which  is 
volatilised.    Tlie  manufacture  of  glass  is  carried  on  in  furnaces  giving  a  very  high  tem« 
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acids,  particularly  if  they  contain  much  acid  oxide  (silica),  whilst 
iusiuii  with  alkalis  leads  to  the  formation  of  compounds  rich  in  bases, 
aifter  which  acids  decompose  the  alloys  formed." 

According  to  the  periodic  law,  the  nearest  analogues  of  silicon  ought 

be  elements  of  the  uneven  sei'iea,  because  Kilicon,  like  sodium,  mag- 

and  aluminium,  belonRa  ki  the  une\-en  series.*'     Immediately 

pentore  (often  in  regenerative  fnmuea,  Chapter  IX.).     Large  cl&yeraciblej  Dxe  pland 

Ktbeae  InniBcea,  and  the  mixture  destined  for  the  preparation  of  the  gloss,  liarin);  been 
ilrDa.<ted,iBi.'lurgediDto  the  cniciblei.  The  temperature  of  the  (umace  is  then  gradu- 
'  •lly  raided.  Th<!  procoBs  is  attended  by  three  Kparate  periods.  At  first  the  maaa  inter- 
liiea  and  begins  to  react ;  then  it  fuaea,  and  evolvea  oarbonia  acid  goo,  and  fonua  a  molten 
lau ;  and,  laatly ,  at  the  highest  temperature,  it  becomes  homogeneous  and  quite  liquid, 
hieh  is  neceaactr;  for  the  ultimote  elimination  of  the  carbonic  anhydride  and  solid  iin- 
urilies,  which  tbau  colle<itat  the  bottom  of  the  crucible.  The  temperature  is  then  eome- 
•what  lowered,  uid  tile  gloas  is  taken  out  on  tubau  and  blown  iutoobjectaot  Tarious  sbapes. 
In  ll»  manufacture  of  window -glass  it  is  blown  into  large  cylinders,  which  are  then  cut  at 
beenilB  and  across,  and  afterwards  bent  hack  in  n  liimaoe  into  the  ordinary  sheeto.  After 
niug  worked  up,  all  glasi  objects  hare  to  be  sabjeoted  to  a.  slow  cooling  {ar-nraling)  in 
>  ipeciBl  f uroaoee.  aa  othetwiee  they  ore  very  brittle,  as  ii  seen  in  the  so-called  *  Rnpert'a 
drops.'  formed  by  dropping  molten  gUtsu  into  water ;  although  these  drops  preserTe  tbeir 
(dm.  tbey  are  no  brittle  that  they  break  ap  into  a  Bne  powder  if  a  amoll  piece  be  knocked 
B  them.  Then  glass  objeatt  have  frequently  to  bo  polished  and  chased.  In  the  mana- 
'  fuinre  of  mirrors  and  many  masiiive  objects  the  gloss  is  cast  and  then  ground  and 
poliahed-      Coloumd   glasseB  are  mude  either  by    directly  introducing  various  oxides, 

,  (Ibis  ia  laid  on  the  surface  of  ordinary  glass.  Greon  glasses  ore  formed  by  the  oxides 
«f  chromium  and  copper,  blue  glaHsee  by  cobalt  oiide,  riolet  glosses  by  manganese  oxide, 
iwni  red  glaas  by  cuprous  oxide  and  by  the  so-called  iiarple  of  caasins — i.a.  a  compound  of 
I  Rold  and  tin — which  will  be  deacrihed  later.  A  yelliiw  coloration  is  obtained  by  meona 
9t  the  oxides  of  iron,  silver,  or  antimony,  and  also  by  means  o(  carbon,  especially  for  the 
'tutu  tints  lor  certain  kinds  of  bottle-glass- 

I^tnn  what  has  been  aniil  about  glosti  it  will  be  understood  that  it  is  impossible  to 
|i<ro  ■  definite  tormnla  lor  it.  because  it  is  s  nan -crystalline  or  amorphous  alloy  of 
iUoate* :  but  such  an  alloy  can  only  bo  farmed  within  certain  Umila  in  the  proportions 
n  the  component  oxides.  With  a  large  proportion  of  silica  the  glaua  very  easily 
M  clouded  when  healed ;  with  a  considerable  proportion  ol  alkalis  it  is  easily 
m  by  moislQre,aud  becomes  cloudy  in  time  an  exposure  lo  the  air  ;  with  a  large 
_vo|«rtion  of  lime  it  become*  inf  nsible  and  opaque,  owing  to  the  formation  of  crystalline 
'OUnpoiinds  in  it ;  in  a  word,  s  certain  proiJorlion  is  practically  attainad  emong  the  com. 
it  oxides  in  order  Uiat  the  glass  formed  may  have  suitable  properties.  Neierthelesa, 
Ly  be  well  to  remark  that  the  composition  of  common  glass  approaches  to  the 
Ibnnnia  :<a30,CaO,4SiO]. 

Tbe  coelBcient  of  cabical  expansion  of  glass  is  nearly  equal  to  that  of  phitinnm  and 
MO.  being  approximately  O-OOIXKJ?.  The  speciBc  lieat  of  glass  is  nearly  018,  and  the 
nific  gravity  of  common  soda  glass  is  nearly  *J'S,  of  Bohemian  glass  2i.  and  of  bottle 
jjaas  9-T-  Flint  glass  is  moch  heavier  than  common  glass,  because  it  contains  the 
■iMTitr  oxide  of  lead,  its  specific  gravity  being  S'S  to  B'3. 

"  ll  mnst  be  recollected  that  although  acids  seem  to  act  only  faehly  on  the  majority 
if  ellieates,  navertlieless  a  finely- levigated  powder  of  siliceous  compoands  is  acted  on  by 
tioag  acids,  especially  vritb  the  aid  of  heat,  the  basic  oxides  being  taken  up  and  gela- 
llomis  silica  left  behind-  In  Uiis  respect  snlphuric  Bcid  heated  to  300°  tvitb  finely-divided 
nlioacms  compounds  in  n  closed  tnbe  evinces  the  most  energetic  action, 

*  Soch  elements  as  silicon,  tin,  and  lead  were  only  broaght  together  under  onecommon 
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after  silicon  follows  ekasilicon  or  germanium,  Ge=72,  whose  properties 
were  predicted  (1871 )  before  Winkler  (1 886)  in  Freiberg,  Saxony  (p.  24), 
discovered  this  element  in  a  peculiar  silver  ore  called  argyroditer-* 
Easilv  reduced  from  the  oxide  by  heating  with  hydrogen  and  charcoal, 
and  separated  from  its  solutions  by  zinc,  metallic  germanium  proved  to 
be  rravish  white,  easily  crystallisable  (in  octahedra),  brittle,  fusible 
(under  a  coating  of  fused  borax)  at  about  900°,  and  easily  oxidisable ;  the 
{«ieci6c  gravity =5-469,  the  volume  weight=72-3,  and  the  specific  heat= 
(K)76,*®  as  might  be  expected  for  this  element  according  to  the  perio<lic 
law.  The  corresponding  germanium  dioocide,  GeOs,  is  a  white  powder 
having  a  specific  gravity  of  4*703  ;  water,  especially  boiling  water,  dis- 
solves this  dioxide  (1  part  of  GeOa  requires  for  solution  247  parts  of 
water  at  20**,  95  parts  at  100°).  It  forms  soluble  salts  with  alkalis  and  is 
but  sparingly  soluble  in  acids.^*  In  a  stream  of  chlorine  the  metal  forms 
qfm%anuim  Moride,  GeCli,  which  boils  at  86°,  and  has  a  specific 
gra^*ity  of  =1*887  at  18°  ;  water  decomposes  it,  forming  the  oxide.  All 
these  properties  '^  of  germanium,  showing  its  analogy  to  silicon  and  tin, 
f^nu  a  most  beautiful  demonstration  of  the  truth  of  the  periodic  law.^^ 

fioup  by  means  of  the  periodic  law,  although  the  qnudrivalency  of  tin  and  lead  was 
known  much  earlier.    Generally  silicon  was  placed  anioug  the  non-metals,  and  tin  and 

Icttd  among  the  metals. 

n  At  first  (February  1886)  the  want  of  material  to  work  on,  the  absence  of  a  spectrum 
in  the  Bnnsen's  flame,  and  the  solubility  of  many  of  the  comx>ounds  of  germanium,  pre- 
Mnted  difficulties  in  the  researches  of  Professor  Winkler,  who,  on  analysing  argj'rodite 
hv  the  usual  method,  obtained  a  constant  loss  of  7  p.  c,  and  was  thus  led  to  search  for  a 
new  element.  The  presence  of  arsenic  and  antimony  in  the  accompanying  minerals  also 
inpeded  the  separation  of  the  new  metal.    After  fusion  witli  sulphur  and  sodium  car- 
iwyiiAte,  argyrodite  gives  a  solution  of  a  sulphide  which  is  precipitated  by  an  excess  of 
ii«drochloric  acid ;  germanium  sulphide  is  soluble  in  ammonia  and  then  precipitatied  by 
hTdrochloric  acid,  as  a  white  precipitate,  which  is  dissolved  (or  decomposed)  by  water. 
Ihe  composition  of  argyrodite  is  (Ag.2S)3GeS2,  it  contains  by  analysis  6*9  p.  c.  of  ger- 
manium, whilst  the  formula  requires  8*2  p.  c. ;  the  difference  is  explained  by  the  presence 
of  iron,  zinc,  and  mercury.     When  the  mineral  is  heated  in  a  current  of  air  it  forme  sul- 
nhurous  anhydride  and  a  sublimate  of  germanium  sulphide,  GeS^.     After  being  oxidised 
by  nitric  acid,  dried  and  ignited,  this  leaves  the  oxide  GeO^,  which  is  reduced  to  the 
metal  when  ignited  in  a  stream  of  hydrogen. 

so  G.  Kobb  determined  the  spark  spectrum  of  germanium,  when  the  metal  was  taken 
itf  one  of  tlie  electrodes  of  a  powerful  Ruhmkorff's  coil.  The  wave  lengths  of  the  most 
distinct  lines  are  602,  588,  518,  518,  481,  474. 

51  If  germanium  or  germanium  sulphide  be  heated  in  a  stream  of  hydrochloric  acid,  it 
forms  a  volatile  liquid,  which  boils  at  72'^,  and  which  Winkler  regarded  as  germanium 
chloride,  GeCl^,  or  germanium  chloroform,  GeHCl^.  It  is  decomposed  by  water,  forming 
a  white  substance,  which  perhaps  may  be  the  hydrate  of  germanious  oxide,  GeO,  and 
acts  as  a  powerfully  reducing  agent  in  a  hydrochloric  acid  solution. 

S-'  Even  the  fact  that  under  certain  circumKtances  germaniimi  gives  a  blue  coloration 
like  that  of  ultramarine,  as  Winkler  showed,  and  as  might  be  expected  from  the  analogy 
of  germanium  with  silicon. 

55  Winkler  expressed  this  in  the  following  words  {Jour,  f.  pract.  Chemie^  1886  |'2-.  84, 
182-188):  *.  .  .  .  es  kann  keincm  Zweif el mehr  untcrliegen, dass das neae Element nichts 


SILICON  AKD  TIIE  OTHER  ELEMENTS  OF  THE  FOURTH  GROUP 

The  increnso  of  atomic  weight  from  silioou  28  to  gennai 
44 — that  is,  about  tlie  same  diflereoce  as  there  is  in  the  atomic  weights 
of  chlorine  and  bromine;  between  genuanium  aud  its  next  analogue, 
tin  (Sn^llfi),  the  diffei-ence  is  46 — that  is,  almost  as  mucli  as  the 
ainouiit  by  which  the  atomic  weight  of  io<Jine  exceeds  tliat  of  hrotniiie. 

Tin  is  rarely  met  with  in  nature  ;  it  occurs  in  the 
forniulions,  almost  exclusively  in  the  form  of  oside,  SnOj,  called  tin- 
nlonr.  Tlie  best  known  tin  deposits  are  in  Cornwall  and  in  MoJai 
In  KuBsia  tin  ores  have  been  found  in  small  quantities  on  the  iihores  of 
Lake  Ladoga,  in  Pitkarand.  The  crushed  ore  may  easily  be  sepaiuted 
from  the  earthy  matter  accompanying  it  by  washing  on  inchned  tables, 
as  the  tin-stone  has  a  specifie  gravity  oi  69,  whilst  the  impurities  are 
mnch  lighter.  2'in  oxide  is  vert/  easilij  redueed  to  metalhc  tin  by 
heating  with  charcoal.  For  this  reason  tin  was  known  in  ancient 
times,  and  the  FhiemcianB  exported  it  from  England.  Metallic  tin  is 
cast  into  ingots  of  considerable  weight.  Tin  has  a  white  colour,  but 
rather  duller  than  that  of  silver.  Tin  easUy  fuses  at  2^0°,  and 
crystallises  on  cooling.  Its  specitic  gravity  is  '''I'd.  The  crystalline 
structure  of  ordinary  tin  is  noticeil  in  bending  tin  rods,  when  a  pecu- 
liar tound  ia  heard,  produced  by  the  fracture  of  the  particles  of  tin 
along  the  surfaces  of  crystalline  structure. 

When  pure  tin  is  considerably  coaled  it  splits  up  into  separate 
crystals,  the  bond  between  the  particles  is  lost,  the  tin  assumes  a 
grey  colour,  becomes  leas  brilliant— in  a  word,  its  properties  become 
changed,  as  Fritzsche  showed.  This  depends  on  the  peculiar  structure 
which  the  tin  then  acquires,  and  is  particularly  remarkable  because 
it  is  effected  by  cold  in  a  solid.  If  such  tin  be  fused,  or  even  simply 
heated,  it  becomes  like  ordinary  tin,  but  is  agaiu  changed  when 
cooled.  When  in  this  condition  tin  has  a  specific  gravity  of  7"19. 
Similarly,  tin  is  obbiined  by  the  action  of  the  galvanic  current  on 
*  solution  of  tin  chloride  ;  it  then  appears  in  crystals  of  the  cubic 
system,  ami  has  n  sjiecilic  gravity  of  "■18— that  is,  the  same  as  when 
cooled. 

Tin  is  softer  than  silver  and  gold,  and  is  only  surpassed  by  lead  in 
this  respect.     In  addition  to  this  it  is  very  ductile,  but  its  tenacity  is 

Aodereii,  «J>    du  TOi  filnftt^hii   Jfthrsn   von  Mendelccff   prot^oaticirte  EkaiHicium 

'  Dean  ainon  schlagendei'Pii  BewEis  Hit  die  Bichti(;keit  del  Ldire  too  der  Periodicitiit 
dci  Ekimeale,  nit  Aeu,  welcben  die  VeckiJcpemug  dea  liiBhur  bypoUietiKhm  "  Ek»- 
■dieiuiu  "  ia  lich  achlleut,  kann  ea  knum  gobon.  uud  et  bildet  in  Wahrheit  melir,  &■■ 
did  blwu  Boslutigung  eiael  kUlin  aufgeiiUUteii  Theorie.  er  budiiatet  eioe  emineniA 
Eneiterung  de*  chemiMlien  Gebicbtfeldei,  einea  miicbtigen  Scbtitt  ins  Beicb  dor 
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T»wrv  i^srfit,  90  that  wire  made  from  it  will  bear  but  little  strain.  In 
^wn:?«*<i:3ence  of  its  ductility  it  i«  easily  worked,  by  forging  and  rolling 
iBLCo-  Tiery  thin  sheets  (tin  foil),  which  are  used  for  wrapping  many 
aureiicks  to  preserve  them  from  moisture,  <tc.  In  this  case,  however, 
*nd  izL  many  others,  lead  is  mixed  with  the  tin,  which,  within  certain 
IxntitSw  does  not  alter  the  ductility.  Whilst  so  soft  at  the  ordinary 
temperatures  tin  becomes  brittle  at  200®,  before  fusing.  Tin  powder 
may  be  easily  obtained,  if  tin  be  heated  until  fusion  and  then  stirred 
whilst  cooling.  At  a  white  heat  tin  may  be  distilled,  but  with 
moce  difficulty  than  zinc.  If  molten  tin  comes  into  contact  with 
oxygen,  it  oxidises,  forming  stannic  oxide,  Sn02,  and  its  vapour  burn^ 
with  a  white  flame.  At  ordinary/  temperatures  tin  does  not  oxidise^  and 
this  very  important  property  of  tin  allows  it  to  be  applied  in  many 
eases  for  covering  other  metals  to  prevent  their  oxidising.  This  is 
termed  tinning.  Iron  and  copper  are  tinned.  Iron  and  steel  sheets, 
coated  with  tin,  bear  the  name  of  tin  plate  (for  the  most  part  made  in 
England),  and  are  used  for  numerous  purposes.  Tin  plate  is  prepared 
by  immersing  iron  sheets,  previously  thoroughly  cleansed  by  acid  and 
mechanical  means,  into  molten  tin.** 

Tin  with  copper  forms  bronze^  an  alloy  which  is  most  extensively 
used  in  the  arts.  Bronze  has  various  colours  and  a  variety  of  phy- 
sical properties,  according  to  the  relative  amount  of  copper  and  tin 
which  it  contains.  With  an  excess  of  copper  the  alloy  has  a  yellow 
colour  ;  the  admixture  of  tin  imparts  considerable  hardness  and 
elasticity  to  the  copper.  An  alloy  containing  78  parts  of  copper  and 
about  22  per  cent,  of  tin  is  so  elastic  that  it  is  used  for  casting  bells, 
which  naturally  require  a  very  elastic  and  hard  alloy.^*      For  casting 

'*  If  after  this  the  coating  of  tin  be  rapidly  cooled — for  instance,  by  dashing  water 
OTer  it — it  crystallises  into  diverse  star-shaped  figures,  which  becoine  visible  when  the 
sheets  are  first  immersed  in  dilate  aqua  regia  and  then  in  a  sohitiou  of  caustic  soda. 

The  coating  of  iron  by  tin  guards  it  against  the  direct  access  of  air,  but  it  only  pre- 
serves the  iron  from  oxidation  so  long  as  it  forms  a  perfectly  continuovs  coating.  If 
the  iron  is  left  bare  in  certain  places,  it  will  be  powerfully  oxidised  at  these  spots, 
because  the  tin  is  electro-negative  with  reject  to  the  iron,  and  thus  the  oxidation 
is  entirely  limited  to  tlie  iron  in  the  presence  of  tin.  Therefore  a  coating  of  tin  over  iron 
objects  only  partially  preserves  them  from  rusting.  In  this  respect  a  coating  of  zinc  is 
more  effectual.  However,  a  dense  and  invariable  alloy  is  formed  over  the  surface  of 
contact  of  the  iron  and  tin,  which  binds  the  coating  of  tin  to  the  remaining  mass  of  the 
iron.  Tin  may  be  fused  with  cast  iron,  and  gives  a  greyish-white  alloy,  which  is  very  easily 
cast  and  is  used  for  casting  many  objects  for  which  iron  by  itself  would  be  VABuitable 
owing  to  its  ready  oxidisability  and  porosity.  The  coating  of  copper  objects  by  tin  is  gene- 
rally done  to  preserve  the  copper  from  the  action  of  acid  liquids,  which  would  attack  the 
copper  in  the  presence  of  air  and  convert  it  into  solable  sails.  Tin  is  not  acted  on  in 
this  manner,  and  therefore  copper  vessels  for  the  preparation  of  food  should  be  tinned. 

***  The  ancient  Chinese  alloys,  containing  about  20  p.c.  of  tin  (specific  gravity  of 
alloyn  about  8'2)  and  whicli  have  been  rapidly  cooled,  are  distinguished  for  their  resonance 
and  elasticity.    These  alloys  used  to  be  manufactured  in  large  quantities  in  China  for  the 
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stntues  and  various  large  or  small  ornamental  articles  allojs  containing 
2  to  5  p.  c.  of  tin,  1 0  tu  ;10  p.  c.  of  zinc,  and  6S  to  85  p.  c.  of  copper  are 
osed.^"  Tin  is  also  used  (most  ofteu  alloyed  trith  lead)  for  making 
various  objects — for  instance,  drinking  vessels. 

When  heated,  tin  decomposes  the  vapour  of  water,  liberating  the 
lijrdi-rjgen  and  forming  ^tannic  oxide.  Sulphuric  ncid,  diluted  with  a 
considerable  quantity  of  wiiter,  does  not  act,  or  at  all  events  acts  very 
slightly,  on  tin,  but  tin  reduces  hot,  strong,  sulphuric  acid,  when  not 
only  sulphurous  anhydride  but  also  sulphuretted  hydrogen  is  evolved. 
Hydrochloric  acid  acts  very  easily  on  tin,  with  evolution  of  hydrogen 
«nd  formation  of  staimous  chloride,  SnCl,,  in  solution,  which,  with  an 
excess  of  i>ydrochloric  acid  and  access  of  air,  is  converted  into  stannic 

nmaici!  inAtnunents  known  as  gong-gongi.  Owing  to  their  hudnesg,  itUoyii  ot  thiBnntnre 
■fe  aito  employed  For  oiattntt  ipins,  sockete,  £c^  and  kn  *11d;  contsiniDg  aboiit  11  p,c.  of 
tin  (wrrecpondin;  with  tlw  nlio  Cui^So)  it  knom  bb  gnn-ineMl.  The  &dditiDD  ot  a  snudl 
qaultit]'  at  phoiphonia,  up  to  'i  jkCh  readera  bcouie  itill  hnrder  and  more  eUatic,  and 
Ibo  alloy  -M  lormwl  ia  now  uaed  ondec  Ihe  uame  of  phoaplior-hroQze. 

The  tiiay  SuCuj  ii  brittle,  of  a  bloiah  oAaai.  and  haa  nothing  in  common  with  either 
capper  ta  tin  in  its  iippearKnce  or  piopertiee.  It  renuuna  petfectly  liomogeoeoDS  on  eool- 
i^,  and  iMqnirea  b.  crjadUlioe  ■tmcliue  (Riche).  Ail  tli«»e  aigna  clearlf  iodicale  tha,t 
the  alloy  SnCn^  is  a  product  of  chemical  combiDatiou,  which  ia  hIbo  a««n  to  bu  the  caae 
itom  its  density,  8'SL  Had  thsre  been  do  contraction,  the  daoaity  of  the  aJloy  would  be 
N'9I.  It  is  the  heaTieat  of  all  the  alloya  of  tin  and  copper,  becanse  the  denaitj  ot  tin  ia 
7'W  and  ot  oopper  B-8.  The  alloy  SnCttj,  speciliD  ([niTitjr  817,  lua  similar  properties. 
All  the  alloys  UKcept  SnCnj  and  BnCU(  qilit  uii  on  cooling  :  a  portion  riohet  in  copper 
twlidiflos  first  (this  pbenontcnon  ia  tanned  (be  lititialicrn  ul  an  alloy),  but  the  above  two 
alloys  do  not  split  up  on  eonling.  In  these  and  many  (Hmilar  facta  we  can  clearly  dis- 
tingaiah  a  thmnital  union  betuiten  the  metal*  fonning  an  alloy.  The  alloya  of  tin  and 
cupper  were  known  in  very  remote  ages,  before  iron  waa  aaed.  The  alloys  of  sine  and 
tin  ai«  leas  nsed,  hut  alloja  compoaed  of  line,  tin,  and  copper  freqaently  replace  the  more 
COMlf  brouie. 

*•  An  excellent  proof  of  the  fact  that  alloya  and  solntions  are  anbjeot  In  law  is  given. 
anumgat  oblien.by  the  applicBtion  of  RaAult's  method  (Vol.  Lpp,  HO  and%9S)  to  solutions 
ot  differmt  melala  in  tin.  Thna  Heycock  and  Vevflle  (laSO)  abowed  that  the  temperature 
of  eolidification  o!  molten  tin  (9a0-l°)  is  lowered  by  the  presence  of  a  amall  quantity  oJ  other 
melaU  in  proportion  to  the  concentration  of  tbe  solution.  The  following  were  the  reduc- 
tions ol  tbe  temperature  of  solidification  of  tin  obtained  by  diasolving  in  it  atomic  propor. 
tloos  nl  diltennt  metals  Kor  einniplr,  flS  parts  ol  imc),  in  IISOO  parts  of  tin  :  Zo  USa", 
Ca  8-47",  As  a-ar.Cd  a-16=,  Pb  iSet".  Hg  a-a^  Sb  »=,  A1  1M.  As  Baoolfs  method 
(Vol'  I'  P<  Sas)  enable*  the  moiecnlar  weight  to  Le  determined,  the  almost  perfect  identity 
of  thatCsDltant  figures  (except  tor  alnmininni)  showa  tliat  thcmolocnles  of  oopper,  silter, 
imA,  and  antimony  contain  oae  atom  in  the  molecule,  like  sine,  mercury,  and  csdmium. 
It  ilionld  here  be  mentioned  that  Ramsay  (ISMI)  tor  the  same  purpose  (tbe  detenninatinn 
of  the  molecaUr  weight  o(  metals  on  the  basis  of  their  mntual  solution)  took  advantage 
of  til*  variation  of  tbe  vaponr  tenaion  of  mcrcaiy  («ee  Vol,  I.  p.  ia4),  containing  various 
DMtals  in  solution,  and  lie  also  found  that  the  above-mentioned  metala  contain  but  one 
atom  in  the  mDlecule.  However,  both  methodn  are  baaed  on  lawa  concerning  tbe  mag- 
Diludes  of  >  IChapter  I.  Xotea  13  and  19),  n-hii-b  have  only  been  lately  diacovered,  are  not 
yet  snIGciently  explained,  and  require  etill  further  derelopment  before  they  can  acquire 
aa  great  a  significance  aa  the  vapour  density  liaa  received  in  the  detennination  ol  tbe 
nioleoular  weight  of  a  metal. 
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bloride  :  SnCl  ♦  +  2Ha + 0=Sna^  +  H,0.  The  action  <rf  a  mixtare 
f  hydrochloric  acid  and  tin  forms  an  excellent  means  of  redacing, 
rherein  both  the  hydrogen  liberated  by  the  mixture  (at  the  moment 
€  separation)  and  the  stannous  chloride  act  as  powerful  reducing  and 
eoxidising  agents.  Thus,  for  instance,  by  this  mixture  nitro-com- 
lounds  are  transformed  into  amido  compounds— that  is,  the  elements 
f  the  group,  XO^  are  reduced  to  XH^  Xitric  acid  diluted  with  a 
onsiderable  quantity  of  water  dissolves  tin  at  the  ordinary  tem- 
perature, whilst  the  nitric  acid  itself  is  reduced,  forming,  amongst  other 
hings,  ammonia  and  hydroxylamine.  Here  the  tin  passes  into  solution 
n  the  form  of  stannous  nitrate.  8tronger  nitric  acid  (also  the  more 
lilute  when  heated)  transforms  the  tin  into  its  highest  degree  of  oxida- 
ion,  SnO^  !>ut  the  latter  then  appears  as  the  so-called  metastannie 
icid,  which  does  not  dissolve  in  nitric  acid,  and  therefore  the  tin  does 
lot  pass  into  solution*  Feeble  acids — for  instance,  carbonic  and  organic 
icids — do  not  act  on  tin  even  in  the  presence  of  oxygen,  because  tin  does 
lot  form  any  powerful  bases. 

It  is  important  to  remark  as  a  characteristic  of  tin  that  it  is  re- 
iuced  from  its  solutions  by  many  metals  which  are  more  easily  oxidised, 
IS,  for  instance,  by  zinc. 

In  combination^  tin  appears  in  the  two  types,  SnX|  and  SnX,,'^ 
x)mpounds  of  the  intermediate  type,  Sn^Xg,  being  also  known,  but  these 
atter  pass  with  remarkable  facility  in  most  cases  into  compounds  of 
:he  higher  and  lower  types,  and  therefore  the  form  SnXj  cannot  be 
jonsidered  as  independent. 

Stannous  oxide^  SnO,  in  an  anhydrous  condition  is  obtained  by 
soiling  solutions  of  stannous  salts  with  alkalis,  the  first  action  of 
:he  alkali  being  to  precipitate  a  white  hydrate  of  stannous  oxide, 
!5n(OH)^SnO.  The  latter  when  heated  parts  with  water  as  easily  as  the 
lydrate  of  copper  oxide.  In  this  form  stannous  oxide  is  a  black  crystal- 
ine  powder  (specific  gravity  6*7,  atomic  volume=20)  capable  of  further 
)xidation  when  heated.  The  hydrate  is  freely  soluble  in  acids,  and  also 
n  potassium  and  sodium  hydroxides,  but  not  in  aqueous  ammonia.^** 

^^  Many  voUitile  componndB  of  tin  &re  known,  which  enables  their  molecolar  weights 
x>  be  established  from  their  vapour  densities.  Among  these  may  be  mentioned  stannic 
chloride,  SnCl4,  and  sUnnic  ethide,  Sn(C3H5)4  (the  latter  boils  at  about  150°).  Bat 
Meyer  foand  the  vapour  density  of  stannous  chloride,  SnCl^.  to  be  variable  between  its 
filing  point  (606*^)  and  1100°,  owing,  it  would  seem,  to  the  fact  that  the  molecule  then 
iraries  from  Bni2Cl4  to  SnCl^,  but  the  vapour  density  proved  to  be  less  than  that  indicated 
t>y  the  first  and  greater  than  that  shown  by  the  second  formula,  although  it  approaches 
to  the  latter  as  the  temperature  rises — that  is,  it  presents  a  similar  phenomenon  to  that 
observed  in  the  passage  of  N2O4  into  NO3  (Vol.  I.  p.  274). 

^  When  rapidly  boiled,  an  alkaline  solution  of  stannous  oxide  deposits  tin  and  forms 
itannic  oxide,  2SnO  =  Su  +  SnO^,  which  remains  in  the  alkaline  solution. 
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This  property  recalls  the  feeble  basic  propertioa  of  this  lowei 
which  Rcta  in  many  cases  as  a  reducing  agent.'' 

Among  the  compounds  con'esponding  with  stannous  oxide  the  most 
remarkable  and  the  one  most  frequently  uae<l  is  stannous  chloride  or 
chloride  of  tin,  SnCl,,  also  called  protochloride  of  tin.  It  ia  a  traua- 
parent,  colourless,  crystalline  substance,  melting  at  250'  and  boiling  at 
606°,  Water  dissolves  it,  without  visible  change  (in  reality  partial 
decomposition  occurs,  as  the  8ef|uel  will  show),  It  is  also  soluble  in 
alcohol.  It  is  obtained  by  heating  tin  in  dry  hydrochloric  acid  gas, 
the  hydrogen  being  then  liberated,  or  by  dissolving  metallic  tin  in 
strong  hot  hydrochloric  ocid  and  then  evafwrating  quickly.  Crystals 
of  the  monoclinic  system  are  then  obtained  having  the  composition, 
SnCli,2HjO.  An  aqueoua  solution  of  this  substance  absorbs  oxygen 
from  the  atmosphere,  and  gives  a  precipitate  containing  stannic  oxide. 
This  naturally  means  that  a  solution  of  stannous  chloride  will  act  as  a 
reducing  agent,  and  this  fact  is  frequently  made  use  of  in  chemical 
investigations— for  instance,  for  reducing  metala  from  their  solutions — 
because  even  mercury  may  be  reduced  to  a  metallic  state  from  its  salts 
by  m.eans  of  stannous  chloride.  Tliis  reducing  property  is  also 
employed  in  practice,  especially  in  the  dyeing  industry,  where  this  sub- 
stance in  the  form  of  a  crystalline  aalt  finds  an  extensive  application, 
and  is  known  as  tin  salt. 

Slnmiic  oxide,  SnO,,  found  in  nature  (as  tinntone,  cassiterite),  ia 
formed  during  the  oxidation  or  combustion  of  heated  tin  in  air  as  a 
white  or  yellowish  powder  which  fuses  with  difficulty.  It  is  prepared 
in  large  quantities,  because  it  is  used  in  a  white  vitreous  mixture  for 


IB  chlorido  vith  EodioD 


>  ^<-ber  i\Wi\  \>j  precipitating  a  salntion 
(tbit  mH  as  u  reducing  agent  prevents  the  oxidation  ol  the  Btnnnoas  ccn 
(olring  thn  n-iuiliei1  precipitate  in  Bitria  acid,  obtained  Rry>t«l»  of  ii 
Rn(N0,1„!H)H,0  on  refrigerating  the  Bolntion.  TliiH  cryHtallo-Ii;dia(e 
i*  deliquescent.  Besides  thia.  ■  more  atable  anhydroua  baiio  salt,  I 
eMJl^  Tonned.  In  general,  stannnns  oiHe  s>  a  feeble  base  easily  fonni 
*(  CQpric  and  lend  oiidea  do.  For  the  same  reuion  SnX,  eaiilj  for 
That  apataaBiuDi  salt,  3nK^l,,H,0,and  eqieciall;  an  anuDoainoi  salt,  S 
a^MpiitktaU,  are  known.  Some  o(  theee  wits  luo  used  in  the  aiti 
being  more  ntable  than  tin  salt*  alme.  Stannona  bromide  and  iod 
8dI„  r«aemble  Ibe  chloride  in  many  respects. 

Among  other  atannoas  aalts  a  anlphale,  SnSO,,  ia  known.  It  is  forr 
Lne  powder  when  a  solution  of  atannoua  oiide  in  sulphuric  acid  ia  etapi 
meiiDToI  an  air-pump.  The  [sHble  baaia  character  of  tho  stonnoUB 
atinoed  in  the  salt.  It  deeompoaea  with  eitre-mo  facililj,  when  lieilt«[),  in 
•Dil  aalphurous  anhydrido,  but  it  easily  fomaa  double  salts  witll  the  sal 

In  gawoHH  hydrochloric  acid,  staunoas  chloride.  »nCI„aH,0,  lomis  i 
the  rnmposiliun  SaCljJUCI,SHiO  iff.  p.  it,  Irecze*  at  -JT°J,  and  a  solid 
tEngel). 


und)  and  di«- 

gasily  melts,  and 
iD(NOj)^uO,  >■ 
1  basic  salts,  just 
ms  double  sails. 
n|NH,J,jCI„H,0, 
,  owing  to  tlieir 
ide,    f^uBr,  and 

iroted  under  the 
oxide  is  clearly 
it"  stnnnii  oxide 
Its  o(  tho  alkali 
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coating  ordinary  tiles  and  similar  earthenware  objects  with  a  layer  of 
easily  fusible  glass  or  enamel.  Acid  solutions  of  stannic  oxide  treated 
with  alkalis,  and  alkaline  solutions  when  treated  with  acids,  give  a 
precipitate  of  stannic  hydroxide,  Sn(0H)4,  also  known  as  stannic  acid, 
which,  when  heated,  gives  up  water  and  leaves  the  anhydride,  SnOs, 
which  is  insoluble  in  acids,  clearly  showing  the  feebleness  of  its  basic 
character.  When  fused  with  alkali  hydroxides  (not  with  their  carbo- 
nates or  acid  sulphates),  an  alkaline  compound  is  obtained  which  is 
soluble  in  water.  Stannic  hydroxide,  like  the  hydrates  of  silica,  is  a 
colloidal  substance,  and  presents  several  different  modifications,  de- 
pending on  the  method  of  preparation,  but  having  an  identical  compo- 
sition ;  the  various  hydroxides  have  also  a  different  app)earance,  and 
act  differently  with  reagents.  For  instance,  a  distinction  is  made 
between  ordinary  stannic  acid  and  metastannic  acid.  Stannic  acid  is 
produced  by  precipitation  by  soda  or  ammonia  from  a  freshly-prepared 
solution  of  stannic  chloride,  SnG^,  in  water  ;  on  drying  the  precipitate 
thus  obtained,  a  non -crystalline  mass  is  formed,  which  is  freely  soluble 
in  strong  hydrochloric  or  nitric  acids,  and  also  in  potassium  and  sodium 
hydroxides.  This  ordinary  stannic  acid  may  be  still  better  obtained 
from  sodium  stannate  by  the  action  of  acids.  Metastannic  acid  is 
insoluble  in  sulphuric  and  nitric  acids.  It  is  obtained  by  treating  tin 
with  nitric  acid,  in  the  form  of  a  heavy  white  powder ;  hydrochloric 
acid  does  not  dissolve  it  immediately,  hut  changes  it  to  such  an  extent 
that,  after  pouring  off  the  acid,  water  extracts  the  stannic  chloride, 
SnCl^,  already  formed.  Dilute  alkalis  not  only  dissolve  metastannic 
acid,  but  also  transform  it  into  salts,  which,  although  slowly,  yet 
completely  dissolve  in  ptire  icater,  but  are  insoluble  even  in  dilute 
alkali  hydroxides.  Dilute  hydrochloric  acid,  especially  when  boiling, 
changes  the  ordinary  hydrate  into  metastannic  acid.  On  this  depends, 
by  the  way,  the  formation  of  a  white  precipitate,  stannic  hydroxide, 
from  solutions  of  stannous  and  stannic  chlorides  diluted  with  water. 
The  stannic  oxide  first  dissolved  changes  under  the  influence  of  hydro- 
chloric acid  into  metastannic  acid,  which  is  insoluble  in  water  in  the 
presence  of  hydrochloric  acid.  Solutions  of  metastannic  acid  differ 
from  such  solutions  of  ordinary  staimic  acid,  and  in  the  presence  of 
alkali  they  change  into  solutions  of  ordinary  acid,  so  that  metastannic 
acid  principally  corresponds  with  the  acid  compounds  of  stannic  oxide, 
and   ordinary  stannic  acid  with  the  alkaline  compounds.^^     Graham 


*"  Fremy  supposes  the  cause  of  the  difference  to  consist  in  a  difference  of  poly- 
merisation, and  considers  that  the  ordinary  acid  corresponds  with  the  oxide  SnO-j,  and 
the  meta-acid  with  the  oxide  Sn^Oio*  but  it  is  more  probable  that  both  are  polymeric 
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obtAUied  a  soluble  coUoiiltil  hydroxide  ;  it  is  subject  to  the  same  trans- 
formationa  tliat  are  in  general  peculiar  to  colloids. 

Stannic  oxide  EhowH  the  properties  of  a  slightly  energetic  and  inter- 
mediate oxide  {like  water,  silica,  itc.)  ;  that  is  to  say,  it  forms  saline 
compounds  both  with  bases  and  with  acids,  but  both  are  easily  de- 
composed, and  are  but  slightly  stable.  But  still  Llie  acid  character  is 
more  clearly  developeil  thaii  the  basic,  as  in  silica,  germaidc  oxide, 
and  lead  dioxide.  This  determines  the  character  of  the  compounds 
SnX.. 

Slannie  chloride,  SnCl^  (also  called  tetrachloride  of  tin),  is  one  of 
the  compounds  which  most  cbaractei'istically  correspond  with  stannic 
oxide.  It  is  obtained  in  an  anhydrous  condition  by  the  direct  action 
of  chlorine  on  tin,  and  is  then  easily  puiified,  because  it  is  a  liquid 
boQing  at  114°,  and  therefore  can  be  easily  disti]le<l.  Its  specitic 
gravity  ia  2-28  (at  0°),  and  it  fumes  in  the  open  air  (spiritus  fumana 
libarii) ;  it  shows  the  properties  of  a  chloninhydride.  Water,  liow. 
ever,  does  not  at  first  det-onipose  it,  but  dissolves  it,  and  on  evapora- 
tion gives  the  crystaUo- hydrate  SnCl„5H/>.  If  but  little  water  be 
tdken,  crystals  containing  SnCl,,3HjO  are  formed,  which  part  with 
one-third  of  the  water  when  placed  under  the  receiver  of  the  air-pump. 
A  large  quantity  of  water,  ho>\'«ver,  especially  when  heated,  causes  a 
precipitate  of  metastanmc  acid." 

The  altali  eomjiounda  of  stannic   oxide^iiia,l  is,  the  compounds  in 

bat  in  a  different  degree.  Stnnnic  acic)  nitli  snliani  cnrboniLte  gives  »  wJl  of  the  ciun- 
pwlion  N'iL,SnOj.  The  ume  Halt  ia  alu  .lUiiLiiiei]  by  fusing  metaituinic  acid  irilfa 
•odiniu  bicicoiide.  wliilBt  meURtRnnir  ikIiI  gi'vea  u  nail,  Na.,SnO:i,lSDOn  (Fremyi,  when 
tTbated  witki  a  dilute  boIdLIoii  of  alkali;  morecrrer,  tlamucii^id  XH  also  aolable  in  tbe  ordi- 
luuj  (Uniiate.  Na,SnOs  (Weberl.  bo  that  bath  atnnnic  Kcidellike  both  lorma  of  »ilici»)  u« 
rapable  nl  polymeriHatJon.  aii4  probably  mly  differ  in  ilA  4rgii«.  In  general,  there  is 
bere  a  great  reieniblance  to  ailica,  uid  Orahuti  obtained  a  aDlation  of  stannic  acid  by  the 
direct  dialysiB  of  its  <llnil)Be  >olntiao.  The  main  difference  between  these  afide  is  tliat 
llie  meta-acid  ia  soluble  in  h;dTC>chloric  acid,  and  give*  a  precipitAta  with  iDljiliune  acid 
and  stannous  chloride,  which  do  not  precipjtat«  tlw  orclinar^  acid- 

"  The  formation  ol  the  oompoond  3nCI,.3H.jO  is  aocDinpanied  b:r  eo  great  a  I'l'titrac- 
tion  that  these  ccyitila.  altlnagh  the;  contain  water,  are  hearier  than  the  anhjdrons 
ohloiide  SnClj.  The  nuta-hydrated  cry Btallo-hj'drate  absorbs  drrhydrocliloric  acid,  nnd 
l^na  ■  liquid  u(  specific  gravity  I'OTl,  which  at  0°  yields  cryalats  ol  the  couiponnd 
IDtiCI,.vHCI.I1tI,0  [it  corresponds  with  the  similar  platinum  componnd),  which  melt  at  30" 
ttilo  a  litgoid  of  specific  graiity  1'93B  (Engel). 

Stannic  iJiloride  combines  with  anunonia  (SnCl^.tyH]),  hydrocyanic  acid,  phoapbo- 
reUed  hydrogen,  phosphorus  pentachloride  ^SnCl^PCl,).  nitroui  anhydride  and  its 
ehloranhydride  «HnCl,.N.j03  and  SnCl,.aNOCl),  and  with  metallic  chlorides  {lot  example, 
E,i)nCU.(NH,liSnC)g.  He.).  In  general,  a  highly-developed  tacnlly  for  combination  ia 
ebserred  tn  it.  The  d«v*lapmenl  of  this  faculty  in  wiit«r,  alaminiom  chloride,  and  nthnr 
tabataDOee  whose  composition  correspond*  witli  the  higher  forma  ol  combination  of  the 
elamenla,  show*  tb«t  tliey  bare  affloities  beyond  those  which  determine  the  combination 
of  their  aliima.    The  peculiarity  of  these  kinds -ol  compounds  is  that  they  always  combine 
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which  it  plays  the  part  of  an  acid,  corresponding  in  this  way  to  the 
compounds  of  silica  and  other  anhydrides  of  the  composition  RO2 — are 
very  easily  formed.  They  are  distinguished  by  their  great  simplicity, 
and  are  used  in  the  arts.  Their  composition  in  most  cases  corresponds 
with  the  formula  SnMjOa — that  is,  SnO(MO)2,  similar  to  C0(M0)2, 
where  M=K,  Na.  Acids,  even  feeble  acids  like  carbonic,  decompose 
these  salts,  like  the  corresponding  compounds  of  alumina  or  silica.  In 
order  to  obtain  potassium  stannate,  which  crystallises  in  rhombohedra, 
and  has  the  composition  SnK203,3H20,  potassium  hydroxide  (8  parts) 
is  fused,  and  metastannic  acid  (3  parts)  gradually  added.  A  solution 
of  the  mass  thus  prepared,  when  evaporated  in  a  desiccator,  forms 
crystals  of  the  above-mentioned  composition.  Sodium  stannate  has 
a  similar  composition.  It  is  prepared  in  practice  in  largo  quantities 
by  heating  a  solution  of  caustic  soda  with  lead  oxide  and  metallic  tin. 
In  this  last  case  an  alkaline  solution  of  lead  oxide  is  formed,  and  the 
tin  acts  on  the  solution  in  such  a  way  as  to  reduce  the  lead  to  the 
metallic  state,  and  itself  passes  into  solution.  This  is  very  remarkable 
in  this  respect,  that  the  lead  displaces  tin  when  in  combination  with 
acids,  and  the  tin,  on  the  contrary,  displaces  the  lead  from  its  alkali 
compounds.      By  dissolving  the  mass  obtained   in  water,  and   then 

with  whole  molecaleB  capable  of  individual  existence,  and  that  such  compounds  resemble 
those  with  water  of  crystallisation  in  many  respects. 

Tin  does  not  combine  directly  with  iodine,  but  if  its  filings  be  heated  in  a  closed  tube 
with  a  solution  of  iodine  in  carbon  bisulphide,  it  forms  stannic  iodide,  Snl4,  in  the  form 
of  red  octahedra  which  fuse  at  142°  and  volatilise  at  295°.  The  fluorine  compounds  of 
tin  have  a  special  interest  in  the  history  of  chemistry,  because  they  give  a  series  of 
double  salts  which  are  isomorphous  with  the  salts  of  hydrofluosilicic  acid,  SiRjF«,  and 
this  fact  served  to  confirm  the  formula  SiO^  for  silica,  as  the  formula  SnO^  was  indubi- 
table. However,  stannic  fluoride^  SnF4,  is  almost  unknown  in  an  isolated  form,  but  its 
corresponding  double  salts  are  very  easily  formed  by  the  action  of  hydrofluoric  acid  on 
Sklkaline  solutions  of  stannic  oxide ;  thus,  for  example,  a  crystalline  salt  of  the  composi- 
tion SnK^FejHjO  is  obtained  by  dissolving  stannic  oxide  in  potassium  hydroxide  and 
then  adding  hydrofluoric  acid  to  the  solution.  The  barium  salt,  SnBaF0,8H)O,  is 
sparingly  soluble  like  its  corresponding  silicofluoride.  The  more  soluble  salt  of  strontium, 
SnSrFe,2H<}0,  crystallises  very  well,  and  is  therefore  more  important  for  the  purposes  of 
research ;  it  is  isomorphous  with  the  corresponding  salt  of  silicon  (and  titanium) ;  the 
magnesium  salt  contains  6H0O. 

Stannic  sulphide,  SnS.2,  is  formed,  as  a  yellow  precipitate,  by  the  action  of  sul- 
phuretted hydrogen  on  acid  solutions  of  stannic  salts ;  it  is  easily  soluble  in  ammonium 
and  potassium  sulphides,  because  it  has  an  acid  character,  and  then  forms  thiostannates 
(see  Chapter  XX.).  In  an  anhydrous  state  it  has  the  form  of  brilliant  golden  yellow 
plates,  which  may  be  obtained  by  heating  a  mixture  of  finely-divided  tin,  sulphur,  and  sal- 
ammoniac  for  a  considerable  time.  It  is  sometimes  used  in  this  form  under  the  name  of 
mosaic  gold,  as  a  cheap  substitute  for  gold-leaf  in  gilding  wood  articles.  On  ignition  it 
parts  with  a  portion  of  its  sulphur,  and  is  converted  into  stannous  sulphide,  SnS.  It  is 
soluble  in  caustic  alkalis.  Hj-drochloric  acid  does  not  dissolve  the  anhydrous,  crystalline 
compound,  but  the  precipitated  powdery  sulphide  is  soluble  in  boiling  strong  hydro* 
chloric  acid,  with  the  evolution  of  hydrogen  Rulphide. 
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adding  aloohol,  sodium  stnnuAte  is  precipitated,  which  may  then  be 
disanlved  in  water  and  purified  by  re-cryHtaUiaation.  In  this  case  it 
has  the  com  posit  ion  SnNa.jOjiSHjO  if  separated  from  strong  solutions, 
and  SnNftjOjilOHjO  when  crystalliBed  at  a  low  temperature  from 
dilute  solutions.  In  the  arts  this  salt  is  used  as  a  mordant  in  dyeing 
operations,  especially  in  the  colouring  of  cotton  fabrics.  With  a  cold 
solution  of  sodium  hydroxide  metjistannic  acid  forms  a  salt  of  the 
composition  (NaHO)j,5SnOj,3H.jO,  from  which  Fr^my  di«w  his  con- 
clusions concerning  the  polymerism  of  metastannic  acid. 

Tin  occupies  the  same  position  amongst  the  analogues  of  silicon  as  cad- 
mium and  indiun)  amongst  the  analogues  of  magnesium  and  aluminium 
respectively,  and  as  in  each  of  these  cases  the  heavier  analogues  with 
a  high  atomic  weight  and  a  special  combination  of  properties — namely, 
mercury  and  thallium — are  known,  so  also  for  silicon  we  have  lead  as  the 
heaviest  analogue  (Pb=206),  with  a  series  of  both  kindred  and  special 
properties.  The  principal  peculiarity  of  the  leail  compounds  consist* 
in  the  higher  type  PhX^,  for  instance,  PbO^,  being  in  the  chemical 
sense  far  less  stable  than  the  lower  type  PbX,  The  ordinary  com- 
pounds of  lead  correspond  with  the  latter,  and  in  addition  to  this,  PbO, 
although  not  particularly  energetic,  is  still  an  evident  base  easily  form- 
ing basic  salts  PbXj(PbO).. 

Leftd  is  found  in  nature  in  considerable  masses,  in  the  form  of 
galena,  lead  sulphide,  PbS.  The  specific  gravity  of  galena  is  7'58, 
colour  grey  ;  it  crystallises  in  the  regular  system,  and  has  a  line 
metallic  lustre.  Both  the  native  and  firtificial  sulphides  are  insoluble 
in  acids  (hydrogen  sulphide  gives  a  black  precipitate  with  the  salts 
PbX,)."  When  heated  it  melts,  and  in  the  optn  air  is  either  totally 
or  partially  transformed  into  white  lea^l  sulphate,  PbSO,,  as  it  also  is 
by  many  oxidising  agents  {hydrogen  peroxide,  potassium  nitrate). 
Lead  sulphate  ia  also  insoluble  in  water, *^  and  lead  is  but  rarely  met 
with  in  this  form  in  nature.  The  chromat-es,  vanadates,  phosphates, 
and  similar  salts  of  lead  are  also  rather  rare.  The  carbonate 
FliCOj  is  sometimes  found  in  large  masses,  especially  in  the  Altai 
region.  Lead  sulphide  is  often  worked  for  extracting  the  silver  which 
it  contains  ;  but  as  the  lead  itself  also  finds  manifold  industrial  appli- 

**  Lead  anlphide  in  the  pjeaence  o!  nine  and  liydrochloric  acid  is  completely  rednced 
to  mehiUic  loftdt  all  the  ffulphar  beinfc  diBenj^o^d  oa  hydrogen  anlpblde. 

**  Lcftd  nlphnte,  PhSOj,  occura  in  nature  {angUntr)  in  trjinep^ent  brijiiiuit  cryatols 
whicharaiHiinoTphoaawlthbaTioinsolph&te.iLiid  have  a  BpeoiRo  graiit; of  GS.  The  naina 
MltntCTmed  on  mixing  salphuiic  acid  or  its  Holn-bleKoltn  with  sololiDiiHDt  leud  ralta,  ss  a 
bM*;  whila  precipitate,  nhioh  in  insoluble  in  water  and  afido,  faat  diasolvea  in  «  solatioa 
at  aroiDonium  tartrate  in  the  presence  of  on  ciceis  of  amtsonia,  which  aerrae  to  iIIh- 
lingoiih  thia  lult  from  the  siniilar  salts  of  Btcuiitium  and  baiiiun. 
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cations,  this  work  is  carried  on  on  an  exceedinglj  large  scale.  Two 
methods  are  principally  applied.  The  tirst  consists  in  decomposing  the 
le^  sulphide  by  heating  it  with  cast  iron.  The  iron  takes  up  the 
sulphur  fiT)m  the  lead,  and  forms  easily-fusihle  iron  sulphide,  which 
does  not  mix  with  the  heavier  reduced  lead.  But  another  process  is 
more  frequently  used,  consisting  in  the  following  :  the  lead  ore  (it  must 
be  clean,  that  is,  free  from  earthy  matter,  which  may  be  easily  removed 
by  washing)  is  heated  in  a  reverberatory  furnace  to  a  moderate  tempe- 
rature with  a  free  access  of  air.  During  this  operation  part  of  the  lead 
sulphide  oxidises  and  forms  lead  sulphate,  PbSO^,  and  lead  oxide. 
When  the  oxidation  of  part  of  the  lead  has  been  attained,  it  is  neces- 
sary to  shut  off  the  air  supply  and  increase  the  temperature,  then  the 
oxidL*^  compounds  of  the  lead  enter  into  reaction  with  the  remaining 
lead  sulphide,  with  formation  of  sulphurous  anhydride  and  metallic  lead. 
At  first  from  PbS-f  O3,  Pb4">  +  S0,  are  formed,  and  also  from  PbS-f-04 
lead  sulphate  PbSO^,  and  then  PbO  and  PbSO^  react  with  the  remain- 
ing PUS,  according  to  the  eipations  2PbO  -h  PbS  =  3Pb  -h  SO2  and 
also  PbHO^  +  PbS = 2Pb  -h  2S0^*^ 

The  appearance  of  lead  is  well  known  :  its  specific  gravity  is  11  -3  • 
the  bluish  colour  and  considerable  metallic  lustre  of  freshly -cut  lead 
quickly  disappears  when  exposed  to  the  air,  because  it  becomes  coated 
with  a  layer — truly  a  very  thin  layer— of  oxide  and  salts  formed 
by  the  moisture  and  acids  in  the  atmosphere.  It  melts  at  326*^,  and 
crystallises  in  octahedra  on  cooling.  Its  softness  is  apparent  from 
the  flexibility  of  lead  pipes  and  sheets,  and  also  from  the  fact  that  it 
may  be  cut  with  a  knife,  and  also  that  it  leaves  a  grey  streak  when  rubbed 
on  paper.  On  account  of  its  being  so  soft,  lead  naturally  cannot  be 
applied  in  many  cases  where  most  metals  may  be  used  ;  but,  on  the 
other  hand,  it  is  a  metal  which  is  not  easily  changed  by  chemical  re- 
agents, and  as  it  is  capable  of  being  soldered  and  drawn  into  sheets,  <fcc., 
le^  is  most  valuable  for  many  technical  uses.  Lead  pipes  are  used  for 
conveying  water***  and  many  other  liquids,  and  sheet  lead  is  used  for 
lining  all  kinds  of  vessels  containing  liquids — for  instance,  acids,  which 
act  on  other  metals.     This  particularly  refers  to  sulphuric  and  hydro- 

^'  As  lead  is  eanily  reduced  from  its  ores,  and  the  ore  itself  has  a  metallic  appearance, 
it  iH  not  Burprining  that  it  was  known  to  the  ancients,  and  that  its  properties  were 
familiar  to  the  alchemists,  who  called  it  *  satam.'  Hence,  metallic  lead,  reduced  fromi 
its  Halts  in  sr)lution  by  zinc,  and  which  has  the  appearance  of  a  tree-like  mass  of  crystala, 
is  callod  '  arbor  satumi,'  &c. 

*^  Freshly  laid  new  lead  pipes  contaminate  the  water  with  a  certain  amount  of  lead 
salts,  i)ro<rooding  from  the  presence  of  oxygen,  carbonic  acid,  Ac,  in  the  water.  But  the 
load  i)ip(!M  under  the  action  of  running  water  soon  become  coated  with  a  film  of  salts — 
IfOf]  suli)hate,  carbonate,  chloride,  &c. — which  are  insoluble  in  water,  and  the  water  pipes 
then  become  harmlesB. 
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(la,  because  at  a,  low  temperature  tbey  do  not  act  on  lead,  and 
if  tliey  form  lead  sulphate,  PbSO,,  and  chloride,  PbClj,  these  salts 
Iieing  insoluble  in  wat«r  and  in  acids,  cover  the  leiwl  and  protect  it 
from  furtber  corrosion.'"'  All  soluble  preparations  of  lead  are  poisonous. 
At  a  white  beat  lead  may  be  partiaUy  distilled  ;  the  vapours  oxidise 
and  burn.  Lead  may  also  be  easily  oxidised  at  low  temperatures. 
Lead  only  decomposes  water  at  a  white  heat,  and  doea  not  liberate 
hydrogen  from  acids,  with  the  exception  only  of  lery  strong  hydro- 
chloric acid  and  tlien  only  when  boiling.  Sulphuric  acid  diluted  with 
water  does  not  act  on  it,  or  only  acts  very  feebly  at  the  surface  ;  but 
strong  sulphuric  acid,  when  heated,  is  decomposed  by  it,  with  the  evolu- 
tion of  sulphurous  anhydride.  The  best  solvent  of  lead  is  nitric  acid, 
■which  transforms  it  into  a  soluble  salt,  Pb(N03);. 

Altliough  acids  in  this  way  directly  have  but  little  effect  on  lead, 
and  this  is  one  of  its  most  important  practical  properties,  yet  irAnn  air 
hiuff^t  access,  lead {Jike copper)  vert/  easify  reacts  ivifA  laaHy  ai-iils,  even 
with  those  which  are  comparatively  feeble.  The  action  of  acetic  acid 
on  lead  in  particular  is  clear  and  often  Applied  in  practice.  If  lead  ia 
plunged  into  acetic  acid  it  does  not  change  at  all  and  does  uot  pass  into 
solution,  but  if  part  of  the  lead  is  imm«rse(l  in  the  acid,  and  the  other 
part  remains  in  contact  with  the  air,  or  if  lead  be  merely  covered  with 
a  thiji  layer  of  acetic  acid,  in  such  a  way  that  the  air  is  practically  in 
contact  with  the  metal,  then  it  unites  with  the  oxygen  of  ibe  air  to 
form  oxide,  which  combines  with  the  acetic  acid  and  forms  le^d  acetate, 
Boluble  in  water.  The  formation  of  lead  oxide  may  especially  be 
observed  fr<)m  the  fact  that  with  a  sufficient  qu;tntity  of  air,  not  only 
is  the  normal  lead  acetate  formed,  but  also  tlie  Imsic  salts.*'' 

'•  Lend  ii  not  only  nud  in  tbu  iirta  tor  dcnwing  into  tobes  imil  ■beetB,  tor  halding  or 
MBVajring  liquid*,  but  &lao,  OHJO);  \a  ita  considerable  deusit;.  Enr  being  L'ost,  vhen  miied 
wtUt  umU  qunntities  o(  other  metala,  into  ahot.  A  cmsidernble  unonnt  »  emplnjed 
(lagaUwr  with  mercury)  in  eitrwting  gold  uid  silver  From  poor  ores,  vii  io  the  muon- 
fectore  of  ohamieiil  ro^euts,  and  MpoeiiUy  ol  lead  chtoiaiito.  Laad  chnnualf,  PliCrO,, 
b  dixtiagni^liod  for  its  brillinnt  yellow  colour,  owing  to  n-hicb  it  ie  ein|i1iiyeil  in  cnntriiler. 
•Iilei|tUiititi«u<id]m,munl;lordyeing  cotton  tiistteByellov.  Itisfonutd  oii  the  tiasae 
ilwlf,  \>y  cnasing  •  solablo  salt  o/  lead  to  react  od  {loliiaaiuni  chroraate.  LcmI  chro- 
wMo  ia  nut  with  in  natare  u  '  red  lead  ore,'  It  is  initoluble  in  wntor  and  ocotic  aeid, 
bsl  itdiuolres  in  ujoeoui  potusli.  The  ao-calleij  pewler  TeateU  often  eonsitl  of  nn  kllflf 
«J6  put*  oi  tin  and  t  put  o[  lend,  and  Bolder  ii  ccunpoied  of  1  toa  parts  of  tin  with  t  part 
of  lead,  With  reapect  to  the  allocs  of  lead  and  tin.  Rudberg  stales  that  the  nllojr  Fb8aj 
itoiida  oat  Irom  tbe  rent,  beenuae,  souording  to  hie  obaHrtationo,  the  (nil  of  tuinperalura 
in  the  solidification  of  the  alloy  stops  at  lei°,  irbich  is  tbp  ttnatn-rnturE  ut  which  tbia 
klioy  solidifies.  The  composition  of  this  alloy  i>  nearly  87  p.c.  ol  lead  and  US  p.a. 
of  tin. 

*'  The  normal  lead  acetate,  known  in  tmde  as  (rij^nr  of  Itad,  owing  to  its  baviug  ft 
swooti.h  lM*lt,  has  the  forniul*  Pb(CaHj0jlj,SU;O.  Thin  salt  only  pry»talli»cs  from  actd 
solutions,     lliiuaptkbk'ofdiBsolrint'afarHmrqu.iii.iLj  i>r  Ivud  olidi;  orof  uit'tallioluad  in 
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\Vlx<^\  oxidising  in  the  presence  of  air/*  when  heated  or  in  the 
^^Vist'Uvv  o£  «n  acid  at  the  ordinary  temperature,  lead  forms  compounds 
v»4f  iht*  type  PbXj.  Lead  oxide,  PbO,  known  in  industry  as  litharyey 
*iUH*rgUtte  (this  name  is  due  to  the  fact  that  silver  is  extracted  from  the 
Wd  ort>s  of  this  kind)  and  massicot.  If  the  lead  is  oxidised  in  air  at  a 
Ki^h  teuijH?rature,  the  oxide  which  is  formed  fuses,  and  orf  cooling  is 
t^asily  obtained  in  fused  masses  which  split  up  into  scales  of  a  yellowish 
iH>hnu\  having  a  specific  gavity  of  9*3;  in  this  form  it  bears  the  name 
i>f  litluirge.  Litharge  is  principally  used  for  making  lead  salts,  and  for 
the  extraction  of  metallic  lead,  and  also  during  the  boiling  of  drying 
oils — for  instance,  linseed  oil — that  is,  in  the  preparation  of  drying  oils.*' 
When  oxidised  carefully  and  slightly  heated  lead  forms  a  powdery  (not 
fused)  oxide  known  under  the  name  of  niassicoL  It  is  best  obtained 
by    heating    lead    nitrate.      Massicot    is    produced    by  heating    lead 

the  presence  of  air.  A  basic  salt  of  the  composition  Pb(C2H50a)2,PbH20.2  is  then  formed, 
which  is  soluble  in  water  and  alcohol.  As  in  this  salt  the  number  of  atoms  is  even  and  the 
Krtiiu'  as  in  the  hydrate  of  acetic  acid,  C.2H40a,H20  =  C2H-,(OH)3,  it  may  be  represented  as 
tluH  hydrate  in  which  two  of  hydrogen  are  replaced  by  lead— that  is,  as  C2H-,{OH)(0.2Pb). 
This  basic  salt  is  used  in  medicine  as  a  remedy  for  inflammation,  for  bandaging  wounds, 
il'c,  and  also  as  a  means  for  the  manufacture  of  white  lead.  Other  basic  acetates  of 
lead,  containing  a  still  greater  amount  of  lead  oxide,  are  known.  According  to  the  above 
representation  of  the  composition  of  the  preceding  lead  acetate,  a  basic  salt  of  the  com- 
position (C2H3)2(02Pb)5  would  be  also  possible,  but  what  appear  to  be  still  more  basic 
salts  are  known.  As  the  character  of  a  salt  also  dej^ends  on  the  property  of  the  base 
from  which  it  is  formed,  it  would  seem  that  lead  forms  a  hydroxide  of  the  composition 
HOPbOH,  containing  two  water  residues,  one  or  both  of  which  may  be  replaced  by  the 
acid  residues.  If  both  water  residues  are  replaced,  a  normal  salt  XPbX  is  obtained, 
whilst  if  only  one  is  replaced  a  basic  salt,  XPbOH,  is  formed.  But  lead  does  not  only 
give  this  normal  hydroxide,  but  also  polyhydroxides,  Pb(OH),wPbO,  and  if  we  may  imagine 
that  in  these  polyhydroxides  there  is  a  substitution  of  both  the  water  residues  by  acid 
residues,  then  the  power  of  lead  for  forming  basic  salts  is  explained  by  tlie  properties  of 
the  base  which  enters  into  their  composition. 

*^  Few  compounds  are  known  of  the  lower  type  PbX,  and  still  fewer  of  the  inter- 
mediate type  PbXj.  To  the  first  type  belongs  the  so-called  lead  suboxide,  Pb^O,  ob- 
tained by  the  ignition  of  lead  oxalate,  C2Pb04,  without  access  of  air.  It  is  a  black  powder, 
which  easily  breaks  up  under  the  action  of  acids,  and  even  by  the  simple  action  of  heat, 
into  metallic  lead  and  lead  oxide.  This  is  the  character  of  all  true  suboxides.  It  doe» 
not  give  definite  salts  PbX,  and  therefore  it  cannot  be  regarded  as  a  salt-forming  oxide, 
neither  can  those  forms  of  oxidation  of  lead  which  contain  more  oxygen  than  the  oxide  of 
lead,  PbO,  and  less  than  the  dioxide,  PbOj.  As  we  shall  see,  at  least  two  such  compounds 
are  formed.  Thus,  for  example,  an  oxide  having  the  composition  Pb^Os  is  known,  but  it 
is  decomposed  by  the  action  of  acids  into  lead  oxide,  which  passes  into  solution,  and 
lead  dioxide,  which  remains  behind.     Such  is  red  lead. 

*^  In  the  boiling  of  drying  oils,  the  lead  oxide  partially  passes  into  solution,  forming 
a  saponified  compound  capable  of  attracting  oxygen  and  solidifying  into  a  tar-like  mass, 
which  forms  the  oil  paint.    Perhaps,  however,  glycerol  partially  acts  in  the  process. 

A  mixture  of  very  finely-divided  litharge  with  glycerol  (50  parts  of  litharge  to  oc.c 
of  anhydrous  glycerol)  forms  a  very  quickly  hardening  (two  minutes)  cement,  which  is 
insoluble  in  water  and  oils,  and  is  very  useful  in  setting  up  chemical  apparatus  The 
hardening  is  based  on  the  reaction  of  the  lead  oxide  with  glycerol  (^oraftsky). 
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hydroxide.  It  bus  a  yellow  colour,  ajid  diSera  hrtm  litharge  in  the 
fpreaXer  difficulty  with  which  it  forms  lead  salts  with  acids.  Thus,  for 
instance,  wheu  massicot  is  moistened  with  water  it  does  not  attract  the 
carbonic  acid  of  the  air  so  easily  as  litharge  does.  It  niay,  however, 
be  imagined  that  the  cause  of  the  difference  depends  only  on  the 
formation  of  a  portion  of  ilioxide  on  the  surface  of  the  lead  oxide,  on 
which  the  acids  do  not  act.  In  any  case  lead  oxide  is  comparatively 
easily  soluble  in  nitric  and  acetic  acids.  It  is  but  slightly  soluble  in 
water,  but  communicates  an  alkaline  reaction  to  it,  iifttui-ally  foi'ming 
the  hydroxide.  Sut  the  remaining  mass  does  not  combine  witli  the 
water.  This  hydroxide  is  obtained  in  the  shape  of  a  white  precipitate 
by  the  action  of  a  small  quantity  of  an  alkali  hydroxide  ona  solution  of 
a  lead  salt.  An  excess  of  alkali  dissolves  the  hydroxide  separated,  which 
fact  demonstrates  the  comparatively  indistinct  basic  properties  of  lend 
oxide.  The  normal  lead  hydroxide,  which  should  have  the  coniposition 
Pb(OH)j,  is  unknown  in  a  separiite  state,  but  it  is  known  in  combina- 
tion with  lead  oxide  as  Pb(0H).,,2PbO  or  Pb30){OH)3,.  The  latter 
is  obtained  in  the  form  of  brilliant,  white,  octahedral  crystals  when 
basic  lead  acetate  is  mixed  with  ammonia  and  gently  heated.  Tlia 
basic  qualities  of  tins  hydroxide  are  shown  distinctly  by  its  absorbing 
the  oarlionic  anhydride  of  the  air.  When  « 
hydroxide  is  boiled,  it  deposits  lead  oxide  i 
powder. 

I«ud  oxide  forms  but  few  soluble  salts — for  instance,  the  nitrate  and 
the  aoetnte.  The  majority  of  its  salts  (sulphate,  PbSO, ;  carbonate, 
PbCOji ;  iodide,  Pblj,  Ac.)  are  insoluble  in  water.  These  salts  are 
colourless  or  light  yellow  if  the  acid  is  colourless.  In  lend  oxide  the 
/amity  of /arming  basic  Balls,  PbX.jnPhO  or  PbXjnPbH,0„  is  strongly 
developed.  A  similar  property  was  obsen-ed  in  magnesium  and  also  in 
the  salts  of  mercury,  but  lead  oxide  forms  basic  salts  with  still  greater 
facility,  akhough  double  salts  are  in  this  case  more  rarely  formed.'" 


1  alkaline  solution  of  the 
t  the  form  of  a  crystalline 


>■  It  i>  Tpry  inslniclive  tn  nbson'B  thai  Iciul  not  only  en-iily  (omiEi  basic  salts,  but  ulsa 
■  coiilainiug  BSTsral  uirid  groupi,  Tliu»,  forKi&mple.  Iiwd  carbonAte  nccars  in  nutani 
tnimn  compaundB  with  leiul  chlaricln  nnd  eulplutld}.  The  fint  coaitwund,  known  >• 
tniHt  If  ail,  photgenile,  hu  the  c;om|)usi  Lion  PbCOi^bCl, ;  it  Dccurs  in  uutnre  in  bright 
oobiiml  OTystat*,  and  is  pTeparal  artiltctally  by  simply  boiling  lead  chloride  with  Icail 
OBfbinuiti).  A  similar  eomponnd  ut  uormal  salts,  PbSOf.PbCOi.  Dcrurs  in  nutnro  U 
laHarkiln  in  manoclinio  crystala.  LradhillUa  cootainii  PbSOj,0PbCO],  and  also  owurs 
fa  jpUowidi,  monoclliiie,  tnbnlur  crystAls.  We  will  torn  our  attention  to  these  lalt*  ol 
ttad.  bM«niH-  it  io  very  probabla  thai  Uirit  (ormntion  is  allied  to  the  (ormation  of  the 
lie  maXXn,  and  the  foUowiujp  conflideratiuna  may  gnide  to  the  explanation  of  the  exiflb- 
w  oTcinfi  and  the  others.  In  describing  silica  wo  carefully  (leve]o|icf1  the  t^onefqitinn  of 
pnlyinerisatiiin,  which  it  a  indupenanble  lo  atta  rvcagnite  in  Ihji  compotition  0/  many 
eUirr  oaide:  Thus  it  may  be  lUpposed  Uiat  PbOi  is  a  similar  pnlyinecised  uninptiiiiid 
to  SiO| — ■.# .,  that  tbe  compoutiOD  of  lead  peroiide  will  be  PbHOw,  because  lead  methyl, 
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Amongst  the  soluble  lead  salts,  that  best  known  and  most  often 
applied  in  practical  chemistry  is  lead  nitrate,  obtained  directly  by 
diss^^ving  lead  or  its  oxide  in  nitric  acid.  The  normal  salt,  Pb(N03)j, 
crystallises  in  octahedra,  dissolves  in  water,  and  has  a  specific  gra^-ity 
of  4-.'>.  When  a  solution  of  this  salt  aits  on  white  leivd  or  is  boileil 
with  litharge,  the  Ijasic  salt,  having  a  ccKupc^ition  Pb^OH^NOj),  is 
formed  in  crystalline  needles,  sparingly  soluble  in  cold  water  but  easily 
dissolved  in  hot  water,  and  therefore  in  many  respects  resembling  lead 
chloride.  When  the  nitrate  is  heated,  either  lead  oxide  is  obtained  or 
else  the  oxide  in  combination  with  peroxide. 

L^ad  cJJrjride,  PbClj,  is  precipitated  fi-om  tlie  soluble  salts  6t  lead 
when  a  stron^c  solution  is  treated  with  hvdrt>oliloric  acid  or  metallic 
chloride.  It  is  sr^luble  in  considerable  i|uautities  in  hot  water,  and 
therefore  if  the  solutions  be  dilute  or  hot,  the  precipitation  of  lead 
chloride  does  not  occur,  and  if  a  hot  solution  l^e  cooled,  the  salt 
separates  in  brilliant  prismatic  crystals.  It  fuses  when  heated  (like 
silver  chloride),  but  is  insoluble  in  ammonia.  This  salt  is  rarely  met 
with  in  nature,  and  when  heated  in  air  is  caf»able  of  exchanging  half 
the   chlorine  for  oxygen,  forming  the  basic  salt  or  lead  oxychloride, 

PV»Me4,  imrl  lead  ethyl,  PbEti,  are  volatile  compoaiids,  whilst  Pl>Oo  is  non- volatile,  and  ia 
very  like  silica  in  this  res{)ect,  and  not  in  the  least  like  curbouic  anhydride.  As  r^ards 
lea^l  oxide,  to  it  should  btill  sooner  be  ascribed  a  pohinerii*  stnxcture,  Pb„On,  all  the  more 
as  it  differs  as  little  from  lead  dioxide  in  its  phy>ioul  properties  as  carbonic  oxide  does 
from  carbouic  anhydride,  and  as  lead  oxide  is  an  ansaturatt^il  comiM'>und  there  is  more 
likelilKxxl  for  siipiK>iiiig  it  to  be  capable  of  interconibinatiou  < polymerisation)  Uuua  lead 
dioxide.  These  considerations  respecting  tlie  complexity  of  leail  oxide  could  have  no 
real  nit/uiiin;^,  and  could  not  enter  into  the  ranks  of  recognis^ible  proiK>>itions,  were  it 
not  for  tin.'  existence  of  the  above-mentioned  basic  and  mixed  salts.  The  oxide  evi- 
dently corresjionds  with  the  composition  PbnX.,.w,  and  as,  according  to  this  representation, 
the  nuiiibfT  of  X's  in  the  salts  of  lead  is  considerable,  it  is  obvious  that  they  may  be 
diverse.  When  a  part  of  these  X's  is  replaced  by  the  water  residue  ^OHi  or  by  oxygen, 
X^=  O,  and  the  other  parts  by  an  acid  resuluc^  X.  then  basic  salts  are  obtained,  but  if  a 
part  of  the  X's  is  replaced  by  acid  residues  of  one  kind,  and  the  other  part  by  acid 
residues  of  another  kind,  then  those  mixed  salts,  about  which  we  are  now  speaking,  are 
formed.  Tlins,  for  example,  we  may  suppose,  for  a  comparison  of  the  composition  of  the 
majority  of  the  salts  of  lead,  that  n  =  12,  and  then  the  alx)ve-nientioned  compounds  will 
present  themselves  in  the  following  form : — Ijead  oxide,  Pbi^Oi-..,  its  crystalHne  hydrate, 
Pbi,jOfti'OH)9,  lead  chloride,  Pb|..>C1.24,  lead  oxychloride,  Pl)|oCli.,Oe,  the  other  oxy- 
chloride,  PbijCOHifiClyOfl,  mendipite  {see  sequel),  Pbi^ClgO^,  normal  lead  carbonate, 
Pbi^jfCO,),^,  crystalline  basic  salt,  PbioCOHjolCOj),.,  white  lead,  Pbij(CO.0^(HO)fH  ©or- 
neous  lead,  Pb,.Cl,.^(C05)e,  lanarkite,  Pb,.(C05)rtiS0,)«,  leadhillite,  Pbj^i 005)^1804)3, 
Arc.  The  number  12  here  taken  is  only  to  avoid  fractional  quantities.  Perhaps  the 
polymerisation  is  much  higher  than  this. 

The  conception  of  the  pol3rmeri8ation  of  oxides  introduced  by  me  in  the  first  edition 
of  this  work  (IHOO)  is  now  beginning  to  be  generally  accept<.»d.  Thus  Henry,  Camelley, 
Walker,  and  others  see  one  proof  of  this  in  the  fact  tliat  tlie  hydrates  of  the  majority  of 
oxifles  only  lose  water  little  by  little,  and  with  difficulty  towards  the  end,  and  also  in  the 
fnct  that  oxides  are  less  fusible  and  volatile  than  the  corresponding  chlorides,  whilat 
oxygen  is  more  difficultly  liquefied  and  converted  into  a  solid  form  than  chlorine. 
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PbCljPbO,  which  may  be  obtained  by  fusing  these  two  substances 
together.  The  reaction  of  lead  chloride  with  water  vapour  leads  to 
the  same  conclusion,  showing  the  feeble  basic  character  of  lead  and  its 
power  of  entering  into  double  decomposition  with  water  : 

2PbClj+H,0=PbCl„PbO  +  2HCI. 

%Vhen  aicmonia  is  added  to  an  aqueous  solution  of  lead  chloride  a, 
white  precipitate  is  formed,  which  parts  with  water  on  being  heated, 
and  has  the  composition  Pb(OH)C],PbO.      This  compound    is    i' 
formed  by  the  action  of  metallic  chlorides  on  other  soluble  basic  salts  of  '] 
lead.*! 

Lead  carbonate,  or  trhile  lend,  is  tlie  most  extensively  used  basic 
lead  salt.  It  has  the  valuable  property  of  'covering,'  which  only  to  a 
certain  extent  appertains  to  lead  sulphate  and  other  white  powdery 
snbstsaces  used  as  pigments.  This  faculty  of  'covering'  consists  in 
the  fact  that  a  small  quantity  of  white  lead  mixed  with  oil  spreads 
uniformly,  and  if  such  n  mixture  be  spread  over  a  surface  (for  instance, 
of  wood  or  metal)  the  surface  is  quickly  covered — that  is,  it  does  not 
shine  through  the  thin  layer  of  superposed  white  lead  ;  thus,  for 
example,  the  groin  of  the  wood  remains  invisible. ■'^'  White  lead,  or 
batic  lead  cttrbmyite,,  after  being  dried  at  120°,  has  a  composition 
Pb(OH)j,2PbC03."*    It  maybe  obtained  by  adding  a  solution  of  sodium 

"  A  BimiUr  bttsie  salt  liBvbg  m  »hile  colour,  anil  therefore  QBed  a*  a  aubatitnto  for 
whil*  leail.  italao  obtainodbf  miiing  a  BoluIioD  of  bauo  tuod  aeetale  with  n  aalntian  of 
\<aA  cbluride.  Its  foFmatioii  ia  tupruui'il  by  Uie  eqnation :  U<bX(OU>J?bO  +  PljCli 
^aFb(OH|C1JbO'^PI>X,.  Similiu'  b&slo  cuuiiuiiudi  of  lead  ore  met  witli  in  nalura 
— I»r  inslance,  mendijnte,  PhCI,aPbO.  wlikli  appuirs  ia  brilliuit  yollowiah-wliite 
nunea.  The  innili™  ol  red  lead  with  Hal-ummoniftc  reaolts  in  ainiUnr  poljbasio 
comiKHindB  o(  li^ad  ohlciiide,  fartniiii!  till  Ciuael't,  or  mineral  ucllow  of  the  conipOBition 
PbCl,nPbO. 

Lead  iodidn.  Pbl„  ia  alUl  leaa  aoluble  thnn  the  chloride,  and  is  UteTeFore  obtained  hj 
■niiing  iiotBSBiuiii  iodide  with  a  aolutioa  of  a  leuil  ealt.  It  aepantea  aa  a  joUov  powder, 
wUich  nu;  be  diaaolved  in  boiling  wat«r,  uid  on  cooling  aeporates  in  vety  brilliaul 
CTjatollineeuileBorBgoldeD  yellow coluDT,  The  a^ltaPbBr.j,  PbP„Pb(CNj3,Pb^e(CN}, 
■re  aim  inaoluhle  in  nater,  and  form  white  prociiiitatea. 

u  It  ia  rauurkable  thai  there  eiiata  a  kind  of  peculiar  attriwtioD  between  boiled  linaeod 
oil  and  white  lend,  aa  ia  aesn  front  the  following  eiperimenta.  White  lead  ia  tTJtnmteil 
in  water.  Althongb  it  is  heavier  than  water,  it  remoina  in  auapeniion  in  it  for  eome  timo 
and  ia  thoTDoghl J  moiatened  liy  it.  «o  that  the  trituration  may  be  made  perfect;  boiled 
linaeed  oil  ia  then  added,  and  ahakon  np  with  it.  A  miitoro  of  tbo  oil  and  white  lead  ia 
than  tonuil  to  aettle  at  the  bottom  of  the  tesBel.  Although  the  oil  ia  much  lighter  than 
tlie  water  it  doea  not  float  on  the  toji,  but  ia  retained  by  the  white  lead  and  sinks  nnder 
the  water  together  with  it.  There  ia  not,  however,  any  more  perfect  combination  nor 
■CTenoDj  wilotion.  If  the  reeoItRntmans  bo  thea  treated  with  ether  or  any  other  liqn id 
capable  ol  diaeolving  the  oil,  it  paHeea  into  aolution  and  leaves  the  white  lead  onaltered. 

1  It  may  lie  regarded  aa  the  type  PbjXo.  in  which  X4  is  replaced  by  (COjjj,  or  oa 
Asalt  eurreaponding  with  the  nonnai  hydrate  of  carbonic  aoid  C(OH;t,  ia  vbioh  thie»- 
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carbonate  to  a  solution  of  one  of  the  basio  salts  of  lead — for  instance, 
the  basic  acetate— and  likewise  by  treating  this  latter  with  carbonic 
ftcid.  For  thb  purpose  the  solution  of  basic  acetate  is  poured  into  the 
vessel  / ;  it  is  prepared  in  the  vat  A,  containing  litharge,  into  which 
the  pump  P  delivers  the  solution  of  the  acetate,  which  remains  aft«r 
the  action  of  carbonic  anhydride  on  the  basic  salt.  In  A  a  basic  salt  is 
formed  having  a  composition  approaching  to  Ph,(OH)6(CjH30j)i ;  car- 
bonic anhydride,  2C0j,  is  passed  through  this  solution  and  precipitates 


■vlnU'  loful,  i'lij{<  Hl)i(U<  )j)..,  and  nuciu.il  knd  lucliitt-,  P^C^HaO,),,  Pe- 
laalns  in  the  solution,  and  is  pumped  back  into  the  vat  A  containing  lead 
oxide,  where  the  normal  salt  is  again  (on  being  agitated)  converted  intfi 
the  basic  salt.  This  is  run  into  the  vessel  E,  and  from  thence  intoy". 
Into  the  latter  carbonic  anhydride  is  delivered  from  the  generator  D, 
from  whence  the  gas  is  ted  by  the  pipe  g  through  a  series  of  small  pipes 
vhich  pass  the  gas  through  the  sotution  of  basic  salt ;  white  lead  is 


qnnrtore  of  the  hydrogen  i»  repUoad  by  lead.  Thw  modo  ot  rogardmg  Uib  wit  in 
mXiy  apjiliiable  in  thi*  cfise.  because  n  «alt  is  kIbo  loionn  in  nhith  nit  Ihe  hydrogen  el 
IhU  hydnts  of  oarbonio  «cid  ia  lopUced  by  loud— ninnoly,  the  etlt  containing  CO,Pb.i. 
Ihia  Bait  is  obtiined  hb  a  nhile  cryBUlline  inbatance  by  the  action  of  water  and  diuhoiuc 
acid  OD  lead.  The  DDnaal  salt,  PbCOg,  occun  in  nature  under  tho  name  ot  white  lexil 
ore  (ap,  gr,  6'lT).m  oryatolB,  UomDrpbouB  with  aragonite,  uiil  ■«  tunned  by  the  doable 
decompOBitioa  of  lead  nitrate  with  lodiuni  oarhonate,  u  a  white  honvy  precipitnt«.  Thus 
both  Ibcte  bbIU  rewmble  white  lead,  bat  the  firHt-named  wit  is  excluBiTely  used  iu  prac- 
tico,  owing  to  itB  being  very  conveniently  prepareJ,  and  it«  being  churacteriBed  by  its 
groat  coiering  capacity,  oi '  body,'  dae  to  the  fine  grain  of  thii  salt. 

One  of  the  many  methods  by  which  white  lead  ia  prepared  consints  in  mixing  massicot 
with  aoetio  acid  or  angar  of  lead,  and  leaving  the  miitnre  exposed  to  air  (and  re-miiing 
from  time  to  time),  which  contoinBcarbonioacid,  which  iaabBorbed  from  the  Bnrface  by 
the  basic  «a1I  formed.  Attoc  repealed  mixings  (wiUi  the  addition  ot  water),  the  entire  masi 
is  con  vetted  into  white  lead,  which  ie  thus  cbtainod  very  finely  divided. 
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precipitated  by  the  action  of  the  carbonic  anhydride  upon  thia  solution, 
and  the  normal  lead  acetate  remains  in  solution. 

In  order  to  mark  the  transition  from  lead  oxide,  FbO,  into  lead 
dioxide,  PbO^  (plumbic  anhydride),  it  is  necessary  to  direct  our 
attention  to  the  intermediate  oside,  or  red  lead,  PbaO,."'  In  tlie  arts 
it  is  used  in  considerable  quantities,  because  it  forms  b  fairly  stable 
yellowish  red  paint  used  for  colouring  the  resins  (shellac,  colophony, 
&.C.)  composing  sealing  wax.  And  it  forms  a  veiy  good  cheap  oil 
paint,  use<l  especially  for  painting  metals,  more  particularly  because 
drying  oils— for  instance,  hemp  seed,  linseed  oils — very  quickly  dry 
with  red  lead  and  with  lead  salts.  Red  lead  is  prepiired  by  slightly 
heating  massicot,  for  which  purpose  two-storied  stoves  are  used.  In 
the  lower  story  the  lead  is  turned  into  massicot,  and  in  the  higher 
one,  having  the  lower  temperature  (about  300°),  the  massicot  is  trans- 
formed into  red  lead.  Fr^my  and  others  showed  the  instability  of  I'ed 
lead  prepared  by  various  methods,  and  its  decomposition  by  acids,  with 
formation  of  lead  dioxide,  which  is  iasoluble  in  acids,  and  a  solution 
of  the  salts  of  lead  oxide.  The  artificiBl  production  (synthesis)  of  red 
lead  by  double  decomposition  was  moat  important.  For  this  purpose 
Fn'my  mixed  alkaline  solutions  of  potassiuni  plunibale,  K,PbO,  (pre- 
pared by  dissolving  the  dioxide  in  fused  potash),  with  an  alkaline 
solution  of  lead  oxide.  In  this  way  a  yellow  precipitate  of  minium 
hydrate  is  formed,  which,  when  slightly  heated,  loses  water  and  turns 
into  bright  red  anhydrous  minium,  Fb,Oj. 

Minium  is  the  tirst  and  most  ordinary  means  of  producing  lead 
Jioxidf,   or  plumbic   anhydride,    PbOs,"*   because  when  red   lead    is 

^<  If  tflsid  hydroxide  b«  diHEolved  in  potsah  imd  ■odium  hypochlorite  be  &dded  to 
Ihe  nolutioD.  Iben  the  ciygsn  o(  Ibe  latter  acta  oa  the  diaiiolced  lead  oxide,  and  partinll)- 
conietta  it  into  dioxide,  so  that  the  so-called  lead  lesguiaiide  n  obtained;  its  empirical 
tonnnU  ia  PbjOj.  Probably  it  ia  nothing  but  a  lead  salt — i^.,  la  referable  la  the  type  ol 
dioxide  of  lead,  or  its  hydruiide,  PbO(OII).j.  in  which  two  atoma  of  hfdiogeo  are  reiilaced 
bj  lead,  PbO{0,Pb|.  We  find  a  proof  of  tki<  in  the  fact  that  the  brown  cuinpound  pre- 
d|Htaled  by  the  action  of  dilute  acids — for  example,  nitric— aplitanp,  even  at  theorduiary 
tanperature,  into  insolabte  lead  dioxide  and  a  aolatiou.  ol  a  lead  lalt.  Thia  compoand 
evolviM  oxygen  when  it  ia  heated.  It  diasalvea  in  hydrochlorio  acid,  forming  a  yellow 
]ii]i^d,  •rbiuh  probably  contains  coDiponuds  of  the  compoaition  PbCI]  and  PbCI^  bat 
•T«a  a(  the  ordinary  leniperatnie  tbia  compound  aoon  looea  the  bicbeb  of  chlorine, 
and  then  only  lead  chloride.  FbCtg,  nunaini.  In  order  to  aee  the  relation  between  red 
lead  aad  leSid  aeequioxide,  it  mnat  be  obasrved  tliat  they  only  differ  by  an  extra  quantity 
e[  lead  oiide—that  ia,  red  lead  ia  a  baaio  aalC  of  the  i>recei]ing  oomponnd,  and  it  the  com- 
pound Pb,Os  may  ha  regarded  aa  PbOjPb,  then  red  lead  ahould  be  looked  on  aa 
l>bOiPb,PbO— that  ia,  aa  basic  lead  plumbate. 

"  Idad  dioxide  ia  often  called  lead  peroxide,  bnt  this  name  leoda  to  error,  becunm 
PbO]  dooa  not  ahow  the  propertiei  of  true  peroxidea,  liku  hydrogen  or  barium  petoiidog, 
bot  i*  (udowed  with  aoid  properties — that  is,  it  ia  able  to  form  tma  aalte  with  baaea, 
wbioh  true  peroxidB*  do  not  do.    Lead  dioxide  ia  a  oormal  lalt-Iarmtng  oomponnd  ol 
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treated  with  dilute  nitric  acid  it  gire«  np  lead  oxide  and  PbO,  remains, 
on  which  dilute  nitric  acid  does  not  act.  The  empirical  composition  of 
minium  is  PbjO^,  and  therefore  the  action  of  nitric  acid  on  it  is  ex- 
pressed by  the  equation  :  Pb,04  -►  4ItN'0,=PbOj  +  2Pb(NO,),  +  2HjO. 
This  dioxide  may  be  obtained  by  treating  lead  hydroxide  suspended 
in  water  with  a  stream  of  chlorine.  Here  the  chlorine  takes  np  the 
hydn»gen  from  the  water,  and  the  oxygen  passes  otct  to  the  lead 
oxide.  •*»  When  a  strong  solution  of  lead  nitrate  is  decomposed  by 
the  electric  current,  the  appearance  of  crystalline  lead  dioxide  is  also 
observed  ujwn  the  positive  pole  ;  it  is  also  found  in  nature  in  the  form 
of  a  black  crystalline  substance  having  a  specific  gravity  of  94.  When 
artificially  proiluced  it  is  a  fine  dark  powder,  resisting  the  action  of 
acids,  but  nevertheless,  when  treated  with  strong  sulphuric  acid,  it 
evolves  oxygen  and  forms  lead  sulphate,  and  with  hydrochloric  acid  it 
evolves  chlorine.     The  oxidising  property  of  lead  dioxide  naturally 

lead,  as  BioOj  is  for  bismuth,  CeO,  for  cerium,  and  TeOj  for  teUnriom,  ^c.  They  all 
evolve  chlorine  when  treated  with  hydrochloric  acid,  whilst  tme  peroxides  form  hydrogen 
I>eroxide.  The  tme  lead  peroxide,  if  it  were  obtained,  would  probably  have  the  composi- 
tion Pb.Oj.  or,  in  combination  with  peroxide  of  hydrogen,  H^bjO-^HjOj  +  PbaOj, 
judging:;  from  the  peroxides  corresponding  with  sulphuric,  chromic,  and  other  acids,  as 
we  shall  afterwards  consider. 

As  a  proof  of  the  fact,  thai  the  form  PbO^,  or  PbX4,  is  the  highest  normal  form  of  any 
combination  of  lead,  it  is  most  important  to  remark,  that  it  might  be  expected  that  the 
action  of  lead  chloride,  PbCl..,  on  rinc-ethyl,  ZnEt},  would  result  in  the  formation  of 
zinc  chloride,  ZnCl.»,  and  lead-ethyl,  PbEt>,  but  in  reality  the  reaction  proceeds  other- 
wise. Half  of  the  lead  is  set  free,  and  lead  tetiethyl,  PbEt4,  is  formed  as  a  colourless 
liquid,  boiling  at  about  20U^  (BuUeroff,  Frankland,  Buckton,  Cahours,  and  others).  The 
tyiH3  PbXi  is  not  only  expressed  im  PbEt^  and  Pb02>  but  also  im  PbF^,  obtained  by 
Brauncr. 

Fremy  obtaine<l  saline  comix>mids  of  lead  dioxide  widi  bases.  He  obt&ined  potas- 
sium plnmbate  in  the  following  manner.  Pure  lead  dioxide  is  placed  in  a  silver  crucible, 
and  a  strong  solution  of  pure  caustic  potash  is  poured  over  it.  The  mixture  is  heated 
and  small  quantities  are  removed  from  time  to  time  for  testing,  which  consists  in  dis- 
solving in  a  small  quantity  of  water  and  decomposing  the  resultant  solution  with  nitric 
acid.  There  is  a  certain  moment  during  the  heating  when  a  considerable  amount 
of  insoluble  lead  dioxide  is  precipitated  on  the  addition  of  the  nitric  acid;  the 
solution  then  contains  the  salt  in  question,  and  the  heating  must  be  8toi^>ed,  and  a 
small  amount  of  water  added  to  dissolve  the  potassium  plnmbate  formed.  On  cooling 
the  salt  separates  in  rather  large  crystals,  which  have  the  same  composition  as  the  stan- 
nate — that  is,  PbO(KO)2t8H.jO.  This  analogy  between  lead  dioxide  and  stannic  oxide 
very  clearly  shows  that  the  placing  of  lead  in  the  same  group  as  silicon  and  tin  corre- 
sponds  with  the  actual  properties  of  this  metal. 

*•  According  to  Camelley  and  Walker,  the  hydrate  (PbO^y^^HjO  is  thea  formed ;  it 
loses  water  at  280°.  The  anhydrous  dioxide  remains  unchanged  to  SS80^,  and  is  then 
converted  into  the  sesquioxide,  Pb^O.^,  which  again  loses  oxygen  at  about  400^,  and  forms 
red  lead,  Pbr,0|.  Red  lead  also  loses  oxygen  at  about  550^,  forming  lead  oxide,  PbO, 
which  fuses  without  change  at  about  0(Mf,  and  remains  constant  as  far  as  the  limit  of 
the  observations  made  (about  800^). 

The  best  method  for  preparing  pure  lead  dioxide  consists  in  mixing  a  hot  solution  of 
lead  chloride  with  a  solution  of  bleaching  powder  (Ferman)^ 
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dcpnnds  on  the  facility  of  its  transition  into  the  more  stable  lead 
oxide,  which  ifl  easily  understood  from  the  whole  history  of  lead 
compounds.  This  oxidising  property  of  the  dioxide  is  particularly 
striking  in  the  presence  of  alkalis.  Thus  under  these  conditions  it 
traosfonns  chromium  oxide  into  chromic  acid,  whilst  lead  chromate, 
PbCrOi,  is  forrae":l,  lemaining,  however,  in  solution,  on  account  of  its 
being  soluble  in  caustic  alkalis.  The  oxidising  action  of  lead  dioxide 
on  satplmrous  anhydride  is  most  striking,  as  it  immediately  absorbs  it, 
with  formation  of  lead  sulphate.  This  is  accompanied  by  a  change  of 
colour  and  derelopment  .of  heat,  PbOj+SOj=PbSOj.  "When  tritu- 
rated with  sulphur,  lead  peroxide  causes  fliisbes,  because  the  sulphur 
burns  at  the  expense  of  its  oxygen. 

Amongst  the  elements  of  the  second  and  third  groups  it  was 
obaerved  that  there  were  more  basic  elements  in  the  even  than  in  the 
uneven  series.  It  is  sufficient  tu  remember  calciam,  strontium,  and 
barium  in  the  even  and  magnesium,  zinc,  and  cadmium  in  the  uneven 
series.  In  addition  to  this,  as  the  atomic  weight  increases,  in  the  same 
type  of  oxidation  and  group,  the  Ijasic  properties  increase  (the  acid 
properties  decrease),  which  is  particularly  striking  in  the  even  series — - 
lor  example,  in  the  second  group,  calciu  m,  strontium,  barium.  The  same 
also  appears  in  the  fourth  and  all  th&  following  groups.  In  the  even 
series  of  the  fourth  group  titanium,  zirconium,  cerium,  and  thorium 
are  found.  All  their  highest  oxides,  RO,,  even  the  lightest  titanic 
oxide,  TiOj,  have  more  highly  developed  basic  properties  than  silica, 
SiOj,  and  in  addition  to  this  the  basic  properties  are  more  distinctly 
seen  in  zirconium  dioxide,  ZrOj,  than  in  titanic  oxide,  TiOj,  although 
the  acid  property  of  combining  with  bases  still  remains.  In  the 
heaviest  oxides,  cerium  dioxide,  CeOj,  and  thorium  dioxide,  ThO,,  no 
acid  properties  are  observed.  ThoriuDi  dioxide,  ThO,,  is  purely  a  basic 
oxiile,  like  cerium  ilioxide,  CeOj.  In  Chapter  XVII.  we  already 
pointed  out  this  higher  oxide  of  cerium.  As  the  above-mentioned 
elements  ate  rather  rare  in  nature,  have  but  little  practical  application, 
and  do  not  present  any  new  forms  of  combination,  it  is  unadvisable  to 
dwell  on  them  in  this  treatise. 

Titanium  is  found  in  nature  in  the  form  of  its  anhydride  or  oxide, 
HO,,  mixed  with  silicon  in  many  minerals,  but  the  oxide  is  also  found 
separately  (in  debris  and  in  seams)  in  the  form  of  semi-metallic  rultle 
(sp.  gr.  4*2).  Another  titanic  mineral  is  found  as  a  mixture  in  many 
ores,  known  as  litatiic  iron  ore  (in  the  Thuensky  mountains  of  the 
southern  Ural  ;  it  is  known  as  t/iuenilf),  FeTiOj.  This  is  a  salt  of 
ferrous  oxide  and  titanic  anhydride.  It  crystal  I  i.ses  in  the  rhombo- 
hcdric  system,  has  a  metallic  lustre,  grey  colour,  sp.  gr.  4-5.    The  third 
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mineral  in  which  titaniam  is  found  in  eonaidermble  quantities  in 
natare  is  spherui  or  titaniu,  CaTiSiO.^=CaO,SiO^TiO^  sp.  gr.  3*5, 
colotir  yellow,  green,  or  such  like,  crystallises  in  tablets.  The  fourth, 
bat  rare,  titanic  mineral  consists  of  peroffkkiUy  calciixm  titanate, 
CaTiO^  ;  it  forms  blackish- grey  or  brown  cubic  crystals,  sp.  gr.  4-0^, 
and  occurs  in  the  Ural  and  other  localities.  It  may  be  prepared 
artificially  by  fusing  sphene  in  an  atmosphere  of  water  vapour 
and  carl)onic  anhydride.  At  the  end  of  the  last  century  Klaproth 
showed  the  distinction  between  titanic  compounds  and  all  others 
then  known. *^ 

*''  Thft  eompfynndu  of  titaniam  are  ::^.^r*firally  obtained  from  mtile ;  the  finelj-^roand 
OTA  in  inMHi  with  a  conft;derabIe  amooDt  of  acid  potaa»aiam  salphate,  antH  the  titanic 
Anhydride,  aa  a  fechle  haM;,  parties  into  eolation.     After  cooling,  the  resnltant  mass  i» 
ground  np,  difHir>]ved  in  cold  water,  and  tremted  with  ammoniam  hydrosolphide  ;  a  black 
precipitate  then  sejnLrateH  oat  from  the  Violation.     This  precipitate  contains  TiO;>  (aa 
hydrate)  and  TariooA  metallic  Hnlphides — for  example,  iron  sulphide.    It  is  first  cashed 
with  water,  and  then  with  a  Ar>Iation  of  tsnlpharoos  anhydride  antil  it  becomes  colcarles«. 
Thin  ifi  dnf;  U»  the  iron  aalphide  cr>ntained  in  the  precipitate,  and  rendering  it  black,  being 
fionirertfd  int<'>dithionatc  by  the  action  of  the  salphnrons  acid.  The  titanic  acid  left  behind 
iA  nearly  pare.    The  con«»derable  volatility  of  titanium  chloride  may  also  be  taken  advan- 
tAf(e  of  in  [>reparing  the  compoanda  of  titaniam  from  mtile.     It  is  formed  by  heating  a 
mixtiiro  of  riitileand  charcoal  in  dry  chlorine;  the  distillate  then  contains  ^i7ani  urn  chlo- 
ri/h,  TiC'I^-    It  may  >je  easily  purified,  owing  to  its  having  a  constant  boiling  point  of  136-. 
ltd  «pef  ific  jfravity  in  I'lC;  it  i»  a  colourless  liqaid,  which  fames  in  the  air,  and  is  perfectly 
Molnhle  in  water  if  it  be  not  heated.     If  the  action  of  titanic  chloride  on  water  be  accom- 
panied by  heat,  a  large  portion  of  titanic  acid  separates  oat  from  the  solution  and  passes 
into  metfttitanic  acid.     A  like  decomposition  of  acid  solations  of  titanic  acid  is  accom- 
plUhe<1  whenever  they  are  heated,  and  especially  in  the  presence  of  sulphuric  acid,  just 
aa  with  metaaitannic  acid,  wliich  titanic  acid  resembles  in  many  respects.     On  igniting 
the  titanic  acid  acolonrless  powder  of  the  anhydride,  TiO-^,  is  obtained.   In  this  form  it  is 
no  longer  Holnble  in  acids  or  alkalis,  and  only  fuses  in  the  oxy-hydrogen  flame  ;  but,  like 
ailica,  it  disnolven  when  fused  with  alkalis  and  their  carbonates.  But,  as  has  been  already 
mentioned,  it  also  dissolve*  when  fused  with  a  considerable  excess  of  acid  potassium 
volphate — that  is,  it  then  reacts  as  a  feeble  base.     This  shows  the  basic  character  of 
titanic  anhydride  ;  it  has  at  once,  although  feebly  developed,  both  basic  and  acid  properties. 
The  fused  mass,  obtained  from  titanic  anhydride  and  alkali  when  treated  with  water, 
p*rtii  with  its  alkali,  and  a  residue  ia  obtained  of  a  sparingly- soluble  poly-titanate, 
K^TiO^jWTiO.^.     The  hydrate,  which  is  precipitated  by  ammonia  from   the   solutions 
obtained  by  the  fusion  of  titanium  compounds  with  acid  potassium  sulphate,  when  dried 
presents  an  amorphous  mass  of  the  composition  Ti(0H)4.  But  it  loses  water  over  sulphuric 
acida,  and  griwlually  pasncs  into  a  hydrate  of  the  composition  TiO(OH)2,  ^^^  when  heated 
it  parts  with  a  still  larger  proi)ortion  of  water ;  at  100^  the  hydrate  Ti.^Os^OH ».»  being 
obUincd,  and  at  800 '  the  anhydride  itself.    The  higher  hydrate,  Ti(0H)4,  is  soluble  in 
dilute  acid,  and  the  solution  maybe  diluted  with  water ;  but  on  boiling  the  sulphuric  acid 
solution  (but  not  tlie  solution  in  hydrochloric  acid),  all  the  titanic  acid  separates  in 
a  modified  form,  which  is,  however,  not  only  insoluble  in  dilute  acids,  but  even  in  strong 
•nlphuric  acid.     This  hydrate  has  the  composition  Ti205(OH)2,  but  shows  different  pro- 
perties from  those  of  the  hydrate  of  the  same  composition  described  above,  and  therefore 
we  here  again  encounter  a  phenomenon  of  polymerisation  similar  to  that  which  we  saw 
with  stannic  acid.     This  modified  hydrate  is  called   metatitanic   acid.      It   is  most 
important  to  note  the  projHjrty  of  the  ordinary  gelatinous  hydrate  (that  precipitated  from 
•cid  solutions  by  ammonia)  of  dissolving  in  acids,  all  the  more  as  silica  does  not  show 
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The  comparatively  rare  element  zirconium,  Zr  =  90,  is  very  similar 
lo  titnuium,  but  allows  a  more  basic  character.  It  is  rarer  in  nature 
thnn  titanium,  and  is  found  principally  in  a  mineral  called  ttreon, 
ZrSiO,  =ZrOj,SiOj,  crystallising  in  square  prisms,  sp,  gr.  4'5.  It  has 
considerable  hardness  and  a  chai-acteristic  brownish -yellow  colour,  and 
is  oocasioiially  found  as  transparent  crystals,  as  a  precious  stone  called 
hyacinth.*'     Metallic  zirconium  was  ofctaineil,  by  Berzelius  and  Ti'oost, 

thi>  property.  la  this  property  a  LruiBition  nppnrenlly  appears  betneen  the  oiwes  of 
coniiDDU  xihttion  (based  on  a  MpMily  (or  nnstsfcla  combinitioo)  wid  the  ca»  of  the  for- 
mation of  ft  hydroso!  (the  solnbility  ul  ([ennaoimn  oiide,  GeO,,  porlUipa  preaents  anothm 
similar  iuiilance).  If  tilaQiam  dilarids  be  ailded  drop  by  drop  lo  a  dilute  lolulion  of 
alcohol  and  hydroeun  p«miiile,  and  than  aminDtii&  be  added  to  the  regaltant  solntion, 
thenwp.irit«aData  yellow  precipitate  of  titanium  Irioxide,  Ti03,3HjO=Ti(OH)o,  a« 
Picini,  Welter,  and  ClaessD  showed.  Tlita  subaLaDce  et-idently  belongs  to  tile  catcijory  of 
true  pecaiides.  which  we  shall  coaaider  in  Chapter  XS. 

Titsniam  ehlon'de  absorbs  ummoaia  and  formn  a  eomponnd,  TiCli.lNHj,  a«  a  rud- 
brown  powder  which  attracts  moiBtoro  from  the  air,  and  when  ignited  forms  titanium 
nilridf,  TiiN,.  Phosphoretled  hydrouBn,  hydroojanie  acid,  and  many  like  componndi 
are  alao  abinrbed  by  titiuiiuia  ohloride,  with  the  erolntion  of  a  oonsiderable  amoant  nt 
heat.  Thus,  for  Miample,  a  yellow  crystalline  powder  of  the  oomposition  TiCt,.aHCN 
is  obtained  by  passing  dry  hydrooysnic  aciil  vapour  into  cold  titaninm  chloride. 
Tituiioin  chloride  combines  in  a  similar  manner  with  cyanogen  chloride,  phosphorai 
penlacliloride,  and  phoaphorua  oiychloride,  forming  molecular  compoiinds,  for  example, 
TiCl,,P0C1s.  This  faculty  for  further  oombinaitioii  probably  standi  in  connection,  on 
llieonehand.wjih  the  capacity  of  titanium  oiide  to  give  polytitanates,  TiO(MO)3,nTiO,  j 
on  the  other  hand,  it  ooiTBaponds  with  the  kindred  faculty  of  stannie  chloride  tor  the 
tonnalion  of  poly-compounds  INote  11),  and  lastly  it  in  probably  related  to  the  remark- 
able bearings  of  titanium  towards  nitrogen.  Metallic  titanium,  obtained  as  a  grey 
powder  by  reduoing  potassium  litanoflooride,  K^TiF,,  with  iron  in  a  charcoal  crocibls. 
oomhine«  directly  with  nitro^n  at  a  red  heat.  If  titanic  anhydride  be  ignited  in  a 
■trrom  of  ammonia,  all  the  oxygon  of  the  titanic  oiide  is  disengaged,  and  Iba  compoond 
TiN,  is  formed  aa  a  dark  violet  substance  haHng  a  copper-red  lustre.  A.  compoond 
Tii.X,  is  also  known ;  it  ia  obtained  by  igniting  the  compound  Ti^N,  in  a  stream  of 
hydrogen,  and  is  of  a  golden-yellow  colour  with  •  metallic  lustre.  To  this  order  ol  com- 
pounda  tliere  also  belongs  the  well-known  and  chemically  historical  oompODnd  known  aa 
litaiMum  nitronjavide;  ita  composition  ii  T1,CN,.  This  sabstance  appears  aa  inln- 
sible,ii>mctime«well-lonned.cubicalcryatalaQf  ap.gr.  1'3,  and  haring  a  red  copper  colour 
■od  metallic  lustre  ;  it  is  foand  in  bhut  furnace  alags.  It  ia  insoluble  in  acids,  bnt  is 
acted  on  by  chlorine  at  a  ted  heat,  forming  titanium  chloride.  It  woe  at  firnt  regarded 
••  metallic  tilaniom ;  it  is  fomwd  in  the  bUat  tumacea  at  the  expense  of  those  cyanogen 
compDonda  (potaauom  cyanide  and  others)  whicli  are  always  present,  and  at  the  eipenoe 
of  the  tilaniom  componnds  which  acoompany  the  orei  ol  iron.  Wiihler,  who  investigated 
(his  cDmiwund,  obtained  it  artiHcially  by  heatiuK  a  mixture  of  titanic  oiidu  with  a  small 
quantity  of  chnrroal,  in  a  stream  of  nitrogen,  and  thus  proved  the  direct  power  lur  coB' 
bination  between  nitrogen  and  titaniom.  When  fused  with  caustic  potash,  all  the 
nitrogen  componnds  of  titanium  evolve  ammonia  and  form  potaaainm  titonal^.  Like 
malalt  they  ore  able  to  reduce  many  oxides — for  example,  oiidesof  copper — nta  red  heat. 
Among  the  componnda  ol  titanium,  the  crystalline  oompound  Al.Ti  ia  also  remarkabU. 
It  ia  obtained  by  directly  disaolving  titaniom  in  fused  aluminium ;  its  specific  gisvity  ia 
S'll.    The  cryatals  are  very  (table,  and  are  only  aolnble  in  aqua  regia  and  alkalis. 

"  The  fonnuU  ZcO  was  Aral  given  to  the  oxide  of  lirconinm  aa  a  base,  in  Ihia  caM 
Zr-IG.  whilst  the  proeent  atomic  weight  is  Zr^  no— that  is,  the  tormnia  of  the  oxide  is 
now  recognised  as  being  ZrOj.  The  reasons  for  asrribing  thta  lorrouln  lo  the  componnds 
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hy  the  action  of  aluniiiitum  on  potassium  zirconojluoride  in  jast  tlia 
same  way  as  silicon  is  prepared  ;  it  forms  a  crystftUine  powiler,  similar 
in  appearance  to  graphite  and  antimony,  but  having  a  very  considerable 
hardness,  not  much  lustre,  sp.  gr.  4'15.  In  many  I'espeots  it  resembles 
Bilicon  ;  it  does  not  fuse  when  heated,  and  even  oxidises  witli  difficulty, 
but  liberates  hydrogen  when  fused  with  potash.  When  fused  with 
silica  it  liberates  silicon  ;  hydrochloric  and  nitric  acids  act  feebly  on  it, 
but  aqua  r^a  easily  dissolves  it.  It  is  distinguished  from  silicon  by 
the  fact  that  hydrofluoric  acid  acts  on  it  with  great  facility,  even,  in 
the  cold  and  when  diluted,  whilst  on  silicon  this  acid  does  not  net 
at  nil. 

Berzelius  distinguished  from   zirconium  the  very  similar  element 
thorium   (Th^'232).     It    is   very   rarely    met   with,    in    thorite    and 


uinlagoa* 


illons :  IB  the  first  pluce,  the  inveHtigfitjan  at  the  cry stiUiOe  forms 
DODauDTiilea— loi  eximple,  E,ZtF,,  M^ZrEeiSHgO— whiDh  pmyed  to  be 
□  oomposition  and  cryfilaJline  form  with  thti  coiTfl«poniiing  compoundB  of 
a,  nod  Bilicnn.  In  Uie  sacoiid  pluijo,  tlia  aptoific  heat  of  Zr  is  O-OBT,  which 
eorieBponde  with  tlio  combuiing  waight  90.  The  third  Hud  moat  important  rauon  f or 
doubling  the  nombimug  weight  i>l  xirconium  vm  giTen  by  Derille's  delerminatioo  of  the 
VKpont  density  of  tircotiiiim  ehlariiU,  ZrClf.  This  subBtsoce  is  obtainod  bj  igniting 
riteaniain  oxide  mixed  with  chucoal  \d  n  Btieftm  of  dry  clitorinD,  and  ii  a  colonrlew, 
■aline  Bubstsnce  which  is  easily  volatile  at  1JU°.  Iti  density  referred  to  air  was  found  to 
be  8*15,  tbat  is  117  in  relntion  to  hydrogen,  as  it  slinuld  be  according  to  the  above-cited 
molecular  formula  ol  this  BUbatance.  It  exhibits,  however,  in  manyrOBpectB  a  Mtilie 
ohorocter,  and  tliBt  of  aa  auid  chloronhydrido,  for  lirmniiun  oxide  itself  preaeiita  ver; 
leebly  developed  scid  proporlies  but  clearly  marked  basic  proparlim.  Thus  niteoninm 
chloride  dissolves  in  wstrr,  and  on  eraf  nrution  the  aolutiiui  only  partially  disengages 
hydrochloric  acid — ^like  mi^neainm  oliloride,  for  example.  Zircoaiom  was  discovered 
and  diarocterised  as  an  iDdividual  elemcDt  by  Klaproth. 

Pure  compounds  of  sircnnium  are  grnerally  prepiired  from  lircan,  which  is  findy 
ground,  hut  as  it  is  very  hard  U  is  first  heated  and  thrown  into  cold  water,  hy  which 
Means  it  is  disintegratHl.  Zircon  is  decomposed  m^diesoh'ed  when  fused  with  Mid 
potassium  sulphate,  or  itlill  more  easily  when  tased  with  acid  potaaiiiuni  fluoride  (a  double 
soluble  salt,  KiZrFg,  ia  then  (onntd)  \  however,  xircontuni  compounds  are  generally 
prepared  from  the  powdered  xiraon  by  fosing  it  together  with  sodium  rarbooate 
lilid  then  boiling  in  water.  An  insoluble  white  residue  is  obt^ned  consisting  of  a 
compound  uf  the  oxides  of  sodium  and  Eircotiiuia,  which  is  then  treated  with  hydnv 
ohloric  acid   and   the   solution  evaporated  to  dryneee.     The  silica  is  thus  convertad 

cipitstes  tirconium  hydnnida  from  this  solution,  as  a  white  gelatinous  precipitin 
ZrOIOH),.  When  ignited  this  hydroxide  loses  water,  and  in  so  doing  undergoes  a  spon- 
taneous recalcscence,  and  leaves  &  white,  insoluble,  and  exceedingly  hard  mass  of  tir- 
eonium  otide,  ZrOj,  having  a  specific  gravity  of  S'l.  Owing  to  its  infnaibility,  lirtoniam 
oxide  is  used  as  a  substitute  for  lime  and  magnesia  in  the  Dmmmond  light.  This  oxide, 
in  contradistinctioD  to  titanium  oxide,  is  soluble  even  aftei  prolonged  ignition  in  strong 
hot  sulphuric  sold.  The  hydroxide  is  easily  loluMe  in  acids.  The  composition  of  th« 
salts  is  ZrX,,  or  ZrOX,,  or  ZrOX^ZrO^,  just  as  with  those  ol  its  analf^^oes.  But  slthoDgh  . 
Urconiom  oxide  forms  salts  in  the  same  way  with  acids,  it  also  gives  soils  with  haui. 
Thus  it  lilierates  carbonic  tuihydride  vchen  fused  with  aodiam  carbonate,  forming  the  salts 
Zr(NaO)t,  ZcO(NaO],,  £.'c     However,  water  destroys  thesu  salts  and  extracts  the  soda. 
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oranffeile,  Th8iO,,2H,0.  The  latter  is  iaomorplioua  with  zircon 
(ap.  gr.  4-8).« 

prepiired  hy  dEUDmponing  thorite  or  orangeitu  with  Strang  HnlphBric  iwid  at  its  boiling- 
point;  this  rendoTB  the  nilica  insoluble,  and  the  Ihorium  oiide  psswa  into  lolulion.  when 
the  residue  is  treated  with  (wld  watei,  aiter  hsving  bonn  previoaalj  bailed  with  wtkter 
(bailioe  water  does  not  dissolve  the  oiiile  of  Ihoritim).  Leiul  and  other  imparities  lire 
then  eepnnted  bj  passing  snlphnretted  hydrogen  throagh  the  solntion,  tknd  then  the 
IhortTun  bydroxide  is  precipitated  by  uamouia'  li  Ibis  byilroside  be  diKBolTtid  in  the 
smallest  possible  ajnonut  at  hydrochloric  (U:id,  and  oialic  acid  be  then  added,  tborinin 
oxalate  is  obtained  as  •  white  precipitate,  which  is  inwluble  in  an  excess  ot  oxalic  add ; 
this  reactioQ  is  token  sdvantags  of  lor  sep&rBtinj;  this  metal  From  many  other*.  How- 
ever, it  resembles  the  oerite  melals  (Chajiter  XVII.  Note  4S)  in  this  and  many  other 
respects.  The  thorium  hydroxide  iagelaCiauasi  on  ignition  it  loaves  on  intnsible  tixido, 
TliO,,  which,  when  fused  with  borax,  gires  crystals  of  the  same  tonn  as  stannio  oxide  or 
titanic  anhydnde ;  sp.  gr.,  B*T.  But  tho  basic  properties  ore  much  moie  dsTeloped  in 
thoriom  oiide  ehui  in  the  preceding  oxides,  and  it  does  not  even  disengage  carbonic  acid 
when  fused  with  xodium  carbonate — that  is,  it  is  a  ranch  more  eaergelio  base  than  sir- 
cODJum  oxide.  Thotiam  chloride  is  obtainad  an  a  distinctly  crystalline  sublimate  when 
lliorium  oxide,  mixed  with  cliarcoal,  is  ignited  in  a  stream  of  dij  chlotioc.  When  heated 
with  potassium,  thorium  chloride  gites  a  metallic  powder  of  thorium  having  asp.  gr.lM. 
It  buns  in  air,  and  is  but  shgbtly  soluble  in  dilute  acida.  Theakimic  weight  of  thorium 
was  established  by  Ckydeulaa  and  DeUfontaine  on  the  basis  of  the  isomorphism  of  the 
doable  flaaridos. 
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CHAPTER  XIX 

PHOSPHORUS  AND  THE  OTHEB  ELEMENTS  OF  THE  FIFTH  GROUP 

Nitrogen  is  the  lightest  and  most  widely  distributed  representative  of 
the  elements  of  the  fifth  group,  which  form  a  higher  saline  oxide  of  the 
form  R20i^,  and  a  hydrogen  compound  of  the  form  RH.,.     Phosphorus, 
arsenic,  bismuth,  and  antimony  belong  to  the  uneven  series  of  this 
group,  and  vanadium,  niobium,  and  tantalum  to  the  even  series.     The 
latter  do  not  form  compounds  with  hydrogen,  like  the  elements  of  the 
even  series  in  general  (Chapter  XV.) ;  whilst  phosphorus,  arsenic,  and 
antimony,  on  the  other  hand,  are  analogous  to  nitrogen,  even  in  their 
property  of  forming  RH3.     Phosphorus  is  the  most  widely  distributied 
of  these  elements.     There  is  hardly  any  mineral  substance  composing 
the  mass  of  the  earth's  crust  which  does  not  contain  some — it  may  be 
small — amount  of  phosphorus  compounds  in  the  form  of  the  salts  of 
phosphoric  acid.     The  soil  and  earthy  substances  in  general  usually 
contain  from  one  to  ten  parts  of  phosphoric  acid  in  10000  parts.     This 
amount,  which  appears  so  small,  has,  however,  a  very  important  signi- 
ficance in  nature.     No  plant  can  attain  its  natural  growth  if  it  be 
planted  in  an   artificial   soil   completely  free  from   phosphoric  acid. 
Plants  equally  require  the  presence  of  potash,  magnesia,  lime,  and 
ferric  oxide,  among  basic,  and  of  carbonic,  sulphuric,  nitric,  and  phos- 
phoric anhydrides,  among  acid,  oxides.     In  order  to  increase  the  fer- 
tility of  a  more  or  less  poor  soil,  the  above-named  nutritive  elements 
are  introduced  into  it  by  means  of  fertilisers.     Direct  experiment  has 
proved  that  these  substances  are  inevitably  necessary  to  plants,  but 
that  they  must  be  all  present  simultaneously  and  in  small  quantities, 
and  that  an  excess,  like   an  insufficiency,  of  one  of  these  elements 
is  necessarily   followed   by  a   bad    harvest,   or   the  impossibility  of 
a   perfect  growth,  if   the   sum   of   all  other  conditions  (light,  heat^ 
water,  air)  is  normal.     The  phosphoric  compounds  of  the  soil  accumu- 
lated  by   plants  pass  into  the  organism  of  animals,  in  which   these 
substances  are  assimilated  in  many  cases  in  large  quantities.     Thus 
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the  chief  component  part  o£  bones  is  cftlcium  phc^phatc,  CajPjOg,  oa 
wliioh  the  hardness  of  bones  depends.' 

Phosphorus  was  first  estrai^teil  by  Br.ind  in  1669,  by  the  ignition 
of  evaporated  urine.  After  the  Ifipse  oi  a  century  Scheele,  who  know 
of  the  existence  of  a  more  abundant  source  of  pbosphorus  in  bones, 
pointed  out  the  method  which  is  now  employed  for  the  extriiction  of 
this  element.  Calcium  phosphate  in  Imiies  .pei-meates  a  nitrogenous 
organic  substaiicp,  which  is  called  ossein,  and  forms  a  gelatin. 
When  bones  are  trented  exclusively  fur  the  extraction  of  phosphorus, 
neglecting  the  gelatin,  they  are  burnt,  in  which  case  all  the  ossein  is 
burnt  awfty.  When,  however,  it  is  desired  to  preserve  the  gelatin,  the 
bones  are  immersed  in  cold  (lilutn  hydrochloric  acid,  which  dissolves 
tlie  calcium  phosphate  and  leaves  the  gelatin  untouched  ;  e-alcium 
chloride  and  acid  calcium  phosphate,  CaH,(PO,),,  are  then  obtained  in 
the  solution.  \Vljen  the  bones  are  directly  burnt  in  an  open  fire,  tlieir 
mineral  components  only  are  left,  as  au  ash,  containing  alwut  00  per 
cent,  of  calcium  phosphate,  C»3(P0,)j,  mLved  with  a  sniall  amount  of 
calcium  carbonate  and  other  salts.  This  mass  is  treated  wit^i  siriphuric 
acid,  and  then  the  same  substance  is  obtained  in  the  solution  as  was 
obtained  fi-om  the  unbunit  bones  immersed  in  hydrochloric  acid'— i.>;.  the 


uh.  ebietly  ealcium  phofljilute. 
Thu  mJU  of  phoBiihorio  aeii 
mineivl*:  (oi  example,  tbe  ap, 
with  enlcium  cbtoriJe  or  Bnoi 
■  MM  ol  iiomoriihoaa  mill 
i:<p.gT.,E 


><!.l1ijrd  of  gv], 
ue  ulso  found 


s  of 


!«  coQtaJD  fliiH  lult  in  a  crygtulliiie  form,  combined 
I,  CiiIt„3Ca,(POt|.n  whsre  R-F  or  CI,  •ometimeB  In 
3,  This  mineml  nflen  cryBtAlliseH  in  fine  heikgoaal 
■    a  Uyarnted  Itnoaa  phosphttte,  FejIPOj.SH.jO. 


Pboiphatea  of  copper  are   fraquBntly  f 
CnifPO,),.Cu|OH)5.aH^.     Lewi  km)  iilai 

mil  mailable  is  water.  Bern  and  other  waterc  hIwbjb  contain  a  unall  unannl  of 
pboqibatM.  Tlie  luh  of  Beo'pliuita,  an  well  a.»  of  luid-planti,  alwajrs  coatwns  phoa- 
pbat«<.  DepoBits  of  calcium  phoBphule  are  often  met  i*ith;  the;  are  tenncd  phoi- 
phoriirt  and  oilcolitet.  and  are  composed  ol  the  foasil  TomBJna  of  the  boDBB  of 
aniniala;  the;  are  used  for  manme.  Of  the  asms  natare  are  the  ao-cntled  guano 
depoBJla  from  Buker's  Island,  and  entire  strata  in  Spain,  France,  and  in  the  Oovein- 
menta  of  Orloff  and  Knntk  in  Runua.  It  ia  evident  that  it  a  Boil  destined  {or 
cDltiTfttion  oonloin  very  little  phimphoric  acid,  then  llie  tertilintion  bj  means  of  theaa 
minenli  will  be  beiieSciol,  but,  natunUly,  only  if  the  other  elements  necesBary  to  plants 
be  piewnt  in  tbe  soil. 

Niil  nofrecinently  an  nntnie  eiplanalion  of  the  concluaionB  made  by  Uebig  with 
mpei-t  to  tha  nouriahmpnt  of  plant!  by  the  «>mponent  parta  of  the  aoil  has  led  to  •. 
IWientand  anperflooui  preochintiiu  fatoor  of  manuring  with  phoaphorio  componnda. 
They  a»  indispensable;  but  iit  tJie  BBjtie  lime  they  are  bent  and  moat  economically 
applied  together  wilhothei  munurea,  wbilsl  manuring  with  phosphoric  componndaaJone 
ia  not  «d»anUireoni,  and  ii  therefore  only  neoeaatiry  in  very  few  eaaes— it  cannot  serra 
H  a  onlTOrial  medicine  for  agiicultore,  II  ia  not  wiae  lo  introduce  pboaphoric  manuiM 
in  a  given  locality   and  under  given  conditions   without   nuking   praltminar;   eipoii< 
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acid  calcium  phosphate  soluble  in  water,  in  which  reaction  naturally 
the  chief  part  of  the  sulphuric  acid  is  converted  into  calcium  sulphate  : 

Ca3(P04)a  +  2H3S04= 2CaS04  +  Ca,lI^{TO^)^, 
Ca3(P04)j  +  4HC1     =2CaCl2  +  CaH4(P04)2. 

On  evaporating  the  solution,  crystallisable  acid  calcium  phosphate 
is  obtained.  The  extraction  of  the  phosphorus  from  this  salt  con- 
sists in  heating  it  tuith  charcoal  to  a  white  heat.  When  heated,  the 
acid  phosphate,  CaH4(P04)2,  first  parts  with  water,  and  forms  the 
metaphosphate,  Ca(P03)2,  which,  for  the  sake  of  simplicity,  may  be 
looked  on,  like  the  acid  salt,  as  composed  of  pyrophosphate  and  phos- 
phoric anhydride,  2Ca(P03)2=Ca2P207-f-P205.  The  latter,  with 
charcoal,  gives  phosphorus  and  carbonic  oxide,  PaO.^-f  5C=P2-|-5CO. 
So  that,  in  reality,  a  somewhat  complicated  process  takes  place  here, 
which,  in  ultimate  products,  will  be  as  follows  : 

2CaH4(P04)2  +  5C=4H20  +  Ca2P207  +  Pj  +  5C0. 

After  the  steam  has  come  over,  phosphorus  and  carbonic  oxide  distil 
over  from  the  retort,  and  calcium  pyrophosphate  remains  behind.' 

As  phosphorus  melts  at  about  40"^,  it  condenses  at  the  bottom  of 
the  receiver  in  a  molten  liquid  mass,  which  is  cast  under  water  in 
tubes,  and  is  sold  in  the  form  of  sticks.  This  is  common  or  yellow 
phosphorus.  It  is  a  transparent,  waxy,  yellowish  substance,  which  is 
not  brittle,  almost  insoluble  in  water,  and  easily  undergoes  change  in 
its  external  appearance  and  properties,  under  the  action  of  light,  heat, 
and  of  various  substances.  It  crystallises  (by  sublimation  or  from  its 
solution  in  carbon  bisulphide)  in  the  regular  system,  and  is  especially. 
characterised  (in  contradistinction  to  the  other  varieties)  by  its  easy 
solubility  in  carbon  bisulphide,  and  also  partially  in  other  oily  liquids. 
In  this  it  recalls  common  sulphur.  Its  specific  gravity  is  1'84.  It 
fuses  at  44°,  and  passes  into  vapour  at  290°  j  it  is  easily  inflammable, 
and  must  therefore  be  handled  with  great  caution  ;  careless  rubbing 
is  enough  to  cause  phosphorus  to  ignite.  Its  application  in  the  manu- 
facture of  matches  is  based  on  this.  It  emits  light  in  the  air  owing  to 
its  oxidising,  and  is  therefore  kept  under  water  Csuch  water  is  phos- 
phorescent in  the  dark,  like  phosphorus  itself).  It  is  also  very  easily 
oxidised  by  various  oxidising  agents,  takes  up  the  oxygen  from  many 
substances,  and  enters  into  direct  combination  with  many  metals 
and  with  sulphur,  chlorine,  <fec.,  with  development  of  a  considerable 
amount  of  heat.     It  is  very  poisonous,  although  not  soluble  in  water. 

'  By  subjecting  the  pyrophosphate  to  the  action  of  sulphuric  or  hydrochloric  acid  it 
is  possible  to  obtain  a  fresh  quantity  of  the  acid  salt  from  the  residue,  and  in  this  manner 
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Besides  this,  tliere  is  a  red  variety  of  pliospliorus,  which  differs  con- 
siderably from  the  above.  Ited  phosphorus,  also  called  aviorphoiia 
pfiosphonis,  owing  to  its  showing  no  sign  of  crystal lisfttion,  is  partially 
formed  when  ordinary  phosphorus  renaains  long  esposed  to  the  action 
of  light.  It  is  also  formed  in  many  reactions ;  for  example,  when 
ordinary  phosphorus  combines  with  chlorine,  bromine,  iodine,  or 
oxygen,  a  portion  of  it  is  converted  into  red  phosphorus.  Schrotter, 
in  Vienna,  investigated  this  variety  of  pboaphortis,  and  pointed  out  by 
what  methods  it  may  be  produced  in  considerable  quantities.  Red 
phosphorus  is  a  powdery  red-brown  opaque  substance  of  specific  gravity 
■J-14.  It  does  not  combine  so  energetically  with  oxygen  and  other 
substances  as  yellow  phosphorus,  and  evolves  less  heat  in  combining 
with  them.'     Common  phosphorus  easily  oxidises  in  the  air  ;  red  phos- 

to  eitnct  a,ll  the  phosphorus  from  the  arigiuat  nnrmal  salt  CuilPOi)!].  It  is  asnal  tn 
Uike  bnmt  bonea,  but  mmeral  phoaphorit«,nsleolito>>,iind>pBlile9iiia)'iUaub«Hmpluyad 
u  aiBlflrinlB  for  the  eitraction  of  phoupbonie.     Its  exlroctlon  for  the  nuLitntaclure  oE 

the  Ur»lB,  in    the   Government  of    Perm,    it    liiis 

attained  inch  pTopoHionn  that  the  district  is   aXAu 

to  iiapply  other  countrieB   with   phoiphoms.      A 

gntX    manr  methudu    buve    been    pro|)o«ed     for 

taciliUting  the  eitmotion  of  photpborui,  hut  they 

none  of  them  essentially  difler  from  the  usual  one. 

beCBDBe  the  piabtem  is  dependent  on  Che  Uherstion 

of  phoHphoric  acid  by  tba  action  of  Kids,  and  on 

it«  oltimale  reduction  by  charcoal.    Thus  the  eal- 

duui  phoiphate  may  be  mixed  directly  with  charcoa  I 

kodquiutc  (silica),  and  phosphoras  will  be  libemU'd 

on  heating  the  miitore.  because  the  silica  displAOf  h 

the  phnsphoiio   anhydride,  which    giiea    cnrbonic 

oxide   nnd   phospboras  with  the  charcoal.     It  has 

alao  lieun  proposed  to  pais  hydroohloric  lU'id  over 

an  iucMidescent  mixture  of  calcium  phonphate  and 

charcoal ;  the  acid  then  acta  jnst  as  the  nilica  does, 

liberating  plioapboric  anhydride,  which  is  reduced  °~  ~ 

by  the  charcoal.    It  ii  necessary  to  prevent  lim  aec«ss  of  air  in  the  condensation  of  the 

Tapoora  of  phosphorus,  because  tliej  taie  fire  very  easily ;  heuca  tbejr  are  condensed 

under  water  by  eaaaing  the  gaseous  prodocts  to  pass  through  a  vessel  full  ol  water.   For 

this  purpose  the  condenser  shown  in  flg.  SS  is  usually  employed. 

'  The  thermochemical  determinationn  (or  phospborua  and  iU  compnnndB  dele  trma 
tlie  last  century,  when  Lavoisier  and  Laplace  burnt  phosphorus  in  oiygeii  in  an  ice 
calorimeter.  Andrews.  Deapreti,  Fnvrc.  and  otliers  have  stndied  the  same  sobject.  The 
nwst  ai«nrate  and  cnmplelo  data  are  due  to  Thouiseu.  In  order  to  give  an  idea  of  the 
indirect  and  complex  methndu  by  which  the  figures  cited  hereafter  an  uhtsined,  it  will 
be  enough  to  point  oat  that  Thomsen  employed  the  following  method  to  determine  the 
heal  o(  oombaatioD  of  yellow  pbosphomi.  Phoapborns  was  oxidised  in  a  calorimeter  bj 
iodie  acid  in  the  prepuce  of  water,  and  a  mixture  ol  pliosphorons  and  phoephbrlc  acids 
was  tbu*  formed  (was  not  any  bypopbospborio  Kcid  formed  7 — Sailer],  and  the  iodic  acid 
OoOTSTtod  into  hydriodie  acid.  II  was  flnrt  necossary  to  introdnce  two  correotioni  into 
thecalorimetrie  result  ohtnined,  one  for  Uie  oxidation  of  the  phospborouB  into  phosphoric 
acid,  knowiOK  their  relative  amounts  by  aniUysis,  and  the  oilier  for  the  deoxidnlion  of 
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phorus  does  not  oxidise  at  all  at  the  ordinary  temperature  ;  hence  it 
does  not  phosplioresce  in  the  air,  and  may  be  very  conveniently  kept  in 
the  form  of  powder.  It  does  not  fuse  at  44".  Having  been  converted 
into  vapour  at  290^  or  300%  it,  when  slowly  cooled,  again  passes  into 
the  ordinary  variety.  Red  phcephorus  is  not  soluble  in  carbon  bisul- 
phide and  other  oily  liquids,  which  permits  of  its  being  freed  from  any 
admixture  of  the  ordinary  phosphorus.  It  is  not  poisonous.  It  is 
used  in  many  cases  for  which  the  ordinary  phosphorus  is  unsuitable  or 
dangerous ;  for  example,  in  the  manufacture  of  matches,  which  are 
then  no  longer  poisonous  or  inflammable  by  accidental  friction,  and 
therefore  the  red  variety  has  now  replaced  the  ordinary  phosphorus.^ 

the  iodic  acid.  The  resiilt  then  obtained  expresses  the  conversion  of  phosphoroas  into 
hydrated  phosphoric  acid.  This  mast  be  corrected  for  the  heat  of  solution  of  the  hydrate  in 
water,  and  for  the  heat  of  combination  of  the  anhydride  nith  water,  before  we  can  obtain 
the  heat  evolved  in  the  reaction  of  P^  with  O5  in  the  proportion  for  the  formation  of 
P.2O5.  It  is  natural  that  with  so  complex  a  method  there  is  a  possibility  of  many  small 
errors,  and  the  resultant  figures  will  only  present  a  certain  degree  of  accuracy  after 
repeated  corrections  by  various  methods.  Of  such  a  kind  are  the  following  figures 
determined  by  Thomsen,  which  we  express  in  thousands  of  calories: — P.j-^O;(s870; 
Pi  -^05  +  8IL,0  =  400 ;  P-,  +  O5  +  a  mass  of  water = 405.  Hence  we  see  that  PaO^  -r  SHaO 
=  30:  2PH-04-1-  a  mass  of  water  =5.  Experiment  further  showed  that  crystallised 
PH5O4,  in  dissolving  in  water,  evolves  2*7  thousand  calories,  and  fused  (89^)  PH3O4 
5*2  thousand  calories,  hence  the  heat  of  fusion  of  H3PO4  =  2*5  thousand  calories.  For 
phosphorous  acid,  H3PO3,  Thomsen  obtained  Pj  +  O.-^  +  8H.2O  =  250,  and  the  solution  of 
crystallised  H5PO5  in  water  =  —0*13,  and  of  fused  HjPOss  -  2-9.  Forhypophosphorous 
acid,  H3PO.2,  the  heats  of  solution  are  nearly  the  same  (—0*17  and  +2*1),  and  the  heat 
of  formation  P^+O  -*'8HaOa75:  hence  its  conversion  into  2HjP03  evolves  175  thousand 
calories,  and  the  conversion  of  2H3PO5  into  2H3PO4  =  150  thousand  calories.  For  the 
sake  of  convenience  we  will  express  the  combination  of  chlorine  with  phosphorus,  also 
according  to  Thomsen,  per  2  atoms  of  phosphorus,  V^  +  8CI.2  =  151,  P2  +  5C1.2 = 210  thousand 
calories.  In  their  reaction  on  a  mass  of  water  (with  the  formation  of  a  solution), 
2PCl3=180,  2PCl5=247,  and  2POCl3  =  142  thousand  calories. 

Besides  which  we  will  cite  the  following  data  given  by  various  observers :  heat  of 
fusion  for  P  (that  is,  for  81  parts  of  phosphorus  by  weight)  —0*15  thousand  calories;  the 
conversion  of  yellow  into  red  phosphorus  for  P,  from  + 19  to  +27  thousand  calories ; 
P  +  H3  =  4-8,  HI  +  PH5=24,  PH3-rHBr  =  22  thousand  calories. 

4  At  the  ordinary  temperature  (20°  C.)  phosphorus  is  not  oxidised  by  pure  oxygen ; 
oxidation  only  takes  place  with  a  slight  rise  of  temperature,  or  the  dilution  of  the  oxygen 
with  other  gases  (especially  nitrogen  or  hydrogen),  or  a  direct  decrease  of  pressure. 
Ordinary  phosphorus  takes  fire  at  a  temperature  (60°)  at  which  no  other  known  substance 
will  bum.  Its  application  to  the  manufacture  of  matches  is  based  on  this  property. 
The  majority  of  phosphorus  matches  are  composed  of  common  phosphorus  mixed  witii 
some  oxidising  substance  which  easily  gives  up  oxygen,  such  as  lead  dioxide,  potassium 
chlorate,  nitre,  &c.  For  this  purpose  common  phosphorus  is  carefully  triturated  under 
warm  water  containing  a  little  gum ;  lead  dioxide,  and  potassium  nitrate  are  then  added 
to  the  resultant  emulsion,  and  the  match  ends,  previously  coated  with  sulphur  or  paraffin, 
are  dipped  into  this  preparation.  After  this  the  matches  are  dipped  into  a  solution 
of  gum  and  shellac,  in  order  to  preserve  the  phosphorus  from  the  action  of  the  air. 
When  such  a  match  containing  particles  of  yellow  phosphorus  is  rubbed  over  a  rough 
surface,  it  becomes  (especially  at  the  point  of  rupture  of  the  brittle  gununy  coating) 
slightly  heated,  and  this  is  sufficient  for  the  phosphorus  to  take  fire  and  burn  at  the 
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This  red  phosplioms  ia  prepared  by  li  eating  the  ordinary  phosphorus 
Fit  230"  to  270°  ;  it  is  evident  that  this  must  be  done  in  an  atmosphere 
incapable  of  supporting  combustion— for  example,  in  nitrogen,  carbonic 
anhydride,  Gteam,  Ac.  On  a  large  scale,  ortlinary  phosphorus  is  placed 
in  closed  iron  vessels,''  Stted  with  a  gas -conducting  tube,  and  immersed 
in  a  bath  of  different  proportions  of  tin  and  lead,  by  which  means  the 
temperature  of  250°  necessary  for  the  convei'sion  is  easily  attained.  It 
is  kept  at  this  temperature  for  some  time.  The  temperature  is  at  first 
cautiously  raised,  and  the  air  is  thus  juirtially  expelled  by  the  lieat,  and 
also  by  the  evolution  of  steam  (the  phosphorus  is  damp  when  put  in), 
whilst  the  remaiuing  oxygen  is  also  partially  absorbed  by  the  phos- 
phorus, so  that  an  atmosphere  of  nitrogen  is  produced  in  the  iron 
vessel.  Care  must  naturally  be  taken  that  no  more  air  enters  into  the 
apparatus,  and  this  is  done  by  the  aid  of  the  gas- conducting  tube,  the 
end  of  which  is  immersed  in  mercury  or  other  liquid.  Hed  phosphorus 
enters  into  all  the  reactions  proper  to  the  common  phosphorus,  only 
with  greater  difficulty  and  more  slowly  ;*■  and,  as  its  vapour  tension 

eipcntfl  of  tlie  oif^ti  ol  tlic  othpr  ingredientH.  In  the  so-colled  uihity  or  SvediBh  jnntolieu 
(vhich  are  not  paiionoUH,  nnil  ilo  not  take  fire  Itoai  u'ci^ntiJ  fiiulion)  u  miitnie  oF  red 
photpbonu  Knd  glMg  is  applied  tu  the  sarfoj^e  on  vtliich  t)io  inntcliaB  are  atmck,  and  blia 
Hutches  tbemaelves  do  uuC  oonlaiu  any  phoupliorns  ut  all,  but  a  mixlare  is  taken  of  anti- 
inoniotu  Bulphide,  SbjSj  (becauw  oamboslible  substances  act  very  well  on  it)  and  poUs- 
■lam  chlonite  (or  other  oxidising  ageutu).  The  cvmbuition,  when  once  started  by  uon- 
t«ot  with  the  red  phosphorus,  proceeds  by  itself  at  the  expense  of  the  inQominutory  and 
oombustlbla  elements  contained  in  the  tip  of  Ihe  match.  The  miiture  applied  on  the 
match  itself  must  not  be  liable  to  takoRre  bom  a  blow  or  liiction.  lu  order  to  illustrate 
tins  CHyinflunmabilityDf  <^onuiion  (yeltott)  phospbora*,  its  solution  in  carbon  bisulphide 
may  be  ponred  over  paper ;  this  solvent  quickly  e vapoiatea,  and  the  free  phosphorus  spread 
over  a  Urge  surface  takes  fire  spontaneously,  notwithstanding  the  cooling  oBeot  produced 
by  the  evaporation  of  Ihe  bisulphide.  The  oiidotion  of  phosphorus  also  proceods  at 
the  expense  of  many  other  oxidising  HubsluiceB,  Not  only  those  oxidising  agents  like 
nitcie,  ebromic.  and  other  similar  acids,  but  even  islkalis.aot  as  oxidising  agents  on  phos, 
phorus— that  is.  the  latter  acts  as  a  reducing  agent.  Thus  phoaphnraB  is  able  to  de< 
oiidiaa  many  compounds — for  example.  It  redace«  copper  from  its  salts.  Phosphorus, 
when  heated  with  sodium  carbonate,  redut<ci  a  portion  of  the  carbon.  IT  phoephoms  be 
placed  under  water,  shghted  heated,  and  a  current  of  uxygeu  be  passed  over  it,  it  will 
bom  under  the  water. 

*  Phosphonu  only  acts  on  iron  at  a  red  heot.  The  iron  ressel  is  furnished  with  a 
tofely  Tolve. 

■  The  specific  heat  of  the  yellow  variety  is  DIE'S— that  is.  greater  tlion  that  of  the  red 
VUisty,  which  ia  O-ITO.  The  tp.  gr.  of  the  yellow  is  1X1,  and  of  the  red  prnpaicd  at 
U0°  a-lB,  oudof  that  prepared  at  SSO"  and  above  (this  is  '  metallia' phospboms)  -S'Sl. 
At  3BCr  the  preesDre  of  the  vapunr  o(  ordinary  iihosphom*  =G14  millimotrea  of  mer- 
eaiy.  and  ol  Iho  red  =0 — ^tliat  ia  to  say,  the  red  phoiphoniB  does  not  form  any  vapour 
ki  Ihis  lemperalun);  ut  417°  the  vapour  tension  of  ordinary  phoaphoms  is  at  first  "GSDO 
nun.,  bat  it  gradnally  diminishes,  whilst  that  of  red  phoaphorus  is  eqnal  to  11186  mm. 

Uittoif,  by  heating  the  lower  portion  of  a  closed  tnbe  contaiiing  red  phosphoniB  to 
U(f  and  the  upper  portion  to  tlT°,  obtained  cryataU  of  the  so-called  '  metallia  '  phoa- 
phoras  st  the  upper  extremity,   This  gives  reason  for  thinking  that  the  latter  ia  crystallisod 
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frrJiiXititj)  u  lea  than  tbmz  cf  ti^  t«ILjv  Taziecr,  one  is  led  to  tKraV 
tluit  a  yAjmerisskiuAi  proceeds  in  tke  pasace  of  tbe  t«]1qw  into  tke 
T*:d  modiiScatkia,  just  as  in  tiie  paasa^i^  •:•£  ejao^i^en  icto  paracTanogcn, 
or  of  cjanic  acid  into  cyamxrie  acid  tChapcor  IX.  VoL  L  p.  39S). 


red  pbo«pcu:ras.  Bos  u  the  npsor  sczuura  jiiixr-Lng  ^  TTtsrgf.  a:  S3^  t^ 
lesMir.Q  of  T«llcv  piuisfccrxs  =*04^3C3-.cf  red  » ifi£)  ^i^r.  aiui  cf  3:*reA3e  «sA1^q»%i  ^ 
«2ui  dbeir  rcttccircs  mn  diiEocss.  wyet^Zue  f  «c«p«(.ru  sut  be  re^urded  a*  a  dkciiiet 
rtrjttj.  U  M  Kin  jMS  cner;$ecic  ia  its  chpir-ral  RActice  ihrna.  red  pcoipfacMrasv  and  it  is 
duuer  ihaB  ti:« rvo pRccdxB^  TBzfeciei :  fp.  ^.  =±^U.  Is  dc«»  imtc cxidiae  im  she  air ;  is 
rrjstslljae,  ijui  Las  a  sicCaHie  loasre.  Il  is  cbsaiscd  tuh  crdfcarr  phcs^koras  is 
h«ated  with  >ad  for  iererml  bcvn  sS  4aKF  in  a  cksed  re^Ki.  frcra  vhick  tbe  air  bas  bcm 
exhausted.  Tbe  resnltanS  mass  is  then  tresSEd  sriih  dfliise  sitne  scui.  viiiek  first  dis- 
foires  the  I«ad  pLMfboras  is  elsctnvcegasiTe  lo  lead,  isd  does  arc  tiierelore,  art  on 
the  n;tr>  acid  at  first  and  leaves  briHiaci  rbcmfccftedral  errsxals  of  pbc«pfecc«s  of  a 
dark  riolet  colfitir  with  a  digiit  metanir  Iss&e.  vhieii  condaet  aa  clertrie  cvrxeBt 
inccmfaraklj  better  than  the  jeHow  Tar>ty:  this  also  forms  oce  U  tke  signs  of  the 
metallx  ttate  of  pbosphoma. 

Tte  r««»rckes  of  Lemoine  partiallT  expUIned  the  passa^  cf  yeCcw  oidinair^  plios. 
pLonu  ix.V>  its  other  Tsrieties.  He  healed  a  dosed  glass  globe  eoatainxn^  ocdmarr  and 
red  phr^br.riM,  in  the  rapoor  of  Balphnr  «0=  ,  and  then  determined  the  an««nt  of  tiie 
red  ^xA  jt:l]^/w  %tLni:iut%  a.iva  rarioas  periods  cf  time.  It dissc-Irin^  them  in  carbon  bisnl- 
phide.  It  appeared  that  after  the  lapae  of  a  certain  time  a  cdxtnre  of  definite  and  cqnal 
cf,mj^.*itU/ft  it  obtained  from  both— that  is.  between  the  red  and  reCcw  rsrieties  a  state 
of  «rrjo;i:Knam  mU  in,  like  that  of  dissociation,  or  that  observed  in  doable  decomposi- 
tion*. Bat  at  the  tame  time,  the  progsess  of  the  transformation  appeared  to  be  depen- 
d<!^t  on  the  relatire  quantity  of  pho^>faonKS  tsken  per  given  volume  of  the  globe. 
'S^\0!fiiin%  the  latter,  we  will  cite  as  an  example  the  amoonts  of  tbe  red  phosphorus 
tnai^iffrm0A  'mU>  the  ordinary,  and  of  the  ordinary  not  canverted  into  red,  per  SO  grama 
of  red  or  j^tllow  taken  per  litre  of  the  capacity  of  the  globe,  heated  to  440- .  When  icd 
ph/>%pJi//nii  w*>i  taken  4'75  grams  of  yellow  phosphorus  was  formed  after  two  hours,  four 
gramii  after  ei$(ht  houn,  three  grams  after  twenty-four  hoars,  and  the  last  limit  remained 
conntant  aft^r  farther  heating.  When  thirty  grams  of  yellow  pho^^horus  was  taken,  five 
grams  remainerl  unaltered  after  two  hours,  foar  grams  after  eight  hours,  and  after  twenty- 
fonr  hconi  and  nir/re  the  same  three  grams  as  before.  Troost  and  Hautefeuille  showed 
that  liquid  photiphoms  in  general  changes  more  easily  into  the  red  than  does  phosphorus 
vapoar,  which,  however,  is  able,  although  slowly,  to  deposit  red  phospboros. 

The  quention  presents  itself  as  to  whether  phosphorus  in  a  state  of  vapoar  is  the 
ordinary  cr  ujma  other  variety  ?  Hittorf  tl865;i  gave  many  data  for  the  solution  of  this 
firoblem,  among  which  there  is  no  doubt  that  (as  experimental  figures  show)  the  doisity 
of  the  vapoar  of  phosphorus  is  always  the  same,  although  the  vapour  tension  of  the 
different  varieties  and  their  mixtures  is  very  variable.  This  shows  that  the  different 
varieties  of  phr>sphoru8  only  appear  in  a  liquid  and  solid  state,  which  indeed  expresses 
itMrlf  in  the  idea  of  polymerisation.  Strictly  speaking,  the  vapour  of  phosphorus  is  a 
(larticalar  iitate  of  this  substance,  and  the  molecular  formula  P4  refers  only  to  it,  and  not 
to  any  othfr  definite  state  of  phosphorus.  But  Raoult's  method  of  solution  (Vol.  L  p.  dO) 
showed  that  in  a  benzene  solution  the  fall  of  the  freezing  point  indicates  a  molecule  P^, 
(ferliapH  mix^-d  with  P^,  for  ordinary  phosphorus,  judging  by  the  determination  of  Patemo 
And  NsMini  1  ]8H8j,  who  for  snlphur  obtained  by  tliis  method  a  molecular  weight  =Sg,  as 
followM  from  the  vapour  density.  Further  research  in  this  direction  will  perhaps  show 
th<;  iAr/ii«ibility  of  finding  the  molecular  weight  of  red  phosphorus,  if  a  means  be  dis- 
rov<'r<'d  for  dJMSolving  it  without  converting  it  into  the  yellow  variety.  But  as  solution 
('orrHNjK;jidH  in  many  respects  with  evaporation  (Chap  I.),  and  as  in  evi^mration  one 
density  is  obtained  answering  to  P4,  it  may  be  that  in  this  case  Baoult*s  method  will piove 
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Ttie  vapour  of  phosphorus  is  colourless  ;  its  density  remains  constant 
between  300"  and  1000°  (Dumas,  1833;  Mitscherlieh,  Deville,  and 
Troost,  1859,  and  others).  The  density  with  i-espoct  to  air  has  l>een 
determined  as  from  4-3  to  4-5.  Hence,  referred  to  hydrogen,  it  is 
4'4  X  I4'4^63  ;  and  it  corresponds  with  a  molecular  weight  124,  or  the 
molecule  of  phosphorus  in  a  state  of  vapour  contains  P,.  The  rea<ler 
will  remeiiiher  that  the  molecule  of  nitrogen  contains  Xj,  of  sulphur 
Sfi  and  S„  and  of  oxygen  Oj  and  Oj. 

The  chemical  energy  of  phosphorus  in  a  free  state  more  nearly 
itpproaches  that  of  sulpliur  tliau  nitrogen.  Phosphorus  is  combustible, 
inllames  at  60°  ;  but  having  parted  with  a  portion  of  its  energy  in  the 
act  of  combination,  in  the  form  of  hent,  it  becomes  analogous  to 
nitrogen,  so  long  as  there  be  no  ([uestiou  of  its  reduction  back  again 
into  phosphorus.  Nitricaeid  is  easily  i-educed  to  nitrogen,  whilst  phos- 
phoric acid  ia  very  much  more  ditheultlj  reduced.  All  the  compounds 
iif  phosphorus  ai-e  less  viJatile  than  those  of  nitmgen.  Nitric  acid, 
HNOj,  is  easily  distilled ;  metaphosphoric  acid,  HPOj,  is,  as  is 
generally  said,  non-volatile  ;  tricthyl amine,  N(C^Hj)],  boils  at  90°,  and 
triethyiphosphine,  P(CjH03,  at  127°. 

Phosphorus  not  only  combines  easily  and  directly  with  oxygen,  hot 
also  with  chlorine,  bromine,  iodine,  sulphur,  and  with  certain  metals. 
So,  for  instance,  when  fused  with  sodium  under  naphtha,  phosphorus 
gives  the  compound  Na^Pj.  Zinc,  absorbing  the  vapour  of  phosphorus, 
gives  the  phosphide  Zn;,?.^  (sp.  gr.  4-rii)  ;  tin,  SnP  ;  copper,  CujP  ; 
even  platiiium  combines  with  phosphorus  (PtP,,  sp.  gr.  8'77),  and  forms 
a  brittle  mass.  Iron,  when  combined  with  even  a  small  ijuantity  of 
phosphorus,  becomes  brittle^^  Some  of  these  compounds  of  phospbiirus 
nre  obtained  by  the  action  of  phosphorus  on  the  solutions  of  metallic 

to  bs  Innpplicnble  in  tlie  actnrate  (olution  nl  Lhc  problem.  One  enunot  but  hopv,  how- 
aver,  that  tn  tho  couTso  at  time  new  matbixlB  nitl  be  iliHCovered,  penuittiug  tlie  attain. 
meat  of  tbia  purpose. 

I  tbiiik  il  wilt  not  be  oDlof  plaee  to  bure  lurn  tlie  reader's  uttention  to  tbe  fwt  that 
ni  jduMplionts,  whicb  we  musl  retognlee  09  poljiueric  to  the  yellovf,  Htuida  nenret  In 
nitrogen,  whose  molevole  ia  Nj,  in  ita  amlUl  inclination  towuda  cbemical  reactiona. 

^  Tbe  IQOtAJlic  iximpDiinds  of  phoapboraa  ponaeaa  a  great  cbemical  intereat,  becauBO 
tberahow  >  Cruiei [ion  from  metallic  alloys  {(or  inaitance,  of  Sb^a)  to  the  aal]ihidea.  halo- 
gen aalta,  and  oxideu.  end  on  the  other  hand  to  the  aitrideB.  Although  tbcre  are  olreadj 
BUnf  ftBgnu-ntary  data  on  the  aubject.  atill  the  inlereating  province  ot  tbe  metallje 
[iluiBpbiiiea  conuot  yet  be  reijorded  aa  ui  uiy  way  generalised.  The  varied  applications 
lldioapfaor-iron,  pboaphor-brunie.  dfc),  which  the  phosphides  haie  recently  ocqaired 
■honld  give  •  most  iuceutjre  reason  for  the  complete  and  detailed  atady  of  thi>  aubject, 
whieh  would.  In  my  opinion,  help  to  the  eipUnntion  of  cheioion.1  relationa  beginning  with 
■Iloja  (iololional  and  ending  with  salts  and  the  compoonda  of  hydrogen  (hydrides), 
tisana«  the  phoaphor-metals,  as  ia  proTcd  by  direct  etperinient,  stand  in  the  sajDS 
Aleutian  to  phosphnretted  hydrogen  as  the  Butphidea  do  towuds  mlpbnrettcd  hydrogCB, 
or  u  the  metallic  rhioridei  to  hydrochloric  uid. 
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salts,  and  by  the  ignition  of  metallic  oxides  in  the  vapour  of  phosphorus, 
or  by  Jieating  mixtures  of  phosphates  with  charcoal  and  metals.  Phos- 
phides do  not  exhibit  the  external  properties  of  salts,  which  are  so 
clearly  seen  in  the  chlorides  and  still  distinctly  observable  in  the  sul- 
phides. The  phosphides  of  the  mHalsoi  the  alkalis  and  of  the  alkaline 
earths  are  even  immediately  and  very  easily  decomposed  by  water, 
which  is  found  to  be  the  case  with  only  a  very  few  sulphides,  and  still 
more  rarely  and  indistinctly  with  the  chlorides.  This  is  the  most 
remarkable  property  of  the  phosphides  of  the  metals  of  the  alkalis  and 
alkaline  earths.  Take  calcium  phosphide,^  for  example.  Phosphorus  is 
laid  in  a  deep  crucible,  and  covered  with  a  clay  plug,  over  which  lime 
is  strewn.  At  a  i-ed  heat  the  vapours  of  phosphorus  combine  with  the 
oxygen  of  the  lime  and  form  phosphoric  anhydride,  which  forms  a  salt 
with  another  portion  of  the  lime  ;  while  the  liberated  calcium  combines 
with  the  phosphorus  and  forms  calcium  phosphide.  Its  composition  is 
not  quite  certain  ;  it  may  be  CaP  (corresponding  with  liquid  phos- 
phurette<l  hydrogen).  This  substance  is  remarkable  for  the  following 
reaction  :  if  we  take  water — or^  Ijetter  still,  a  dilute  solution  of  hydro- 
chloric acid — and  throw  calcium  phosphide  into  it,  then  bubbles  of  gas 
are  evolved,  which  take  fire  spontaneously  in  the  air  and  form  white 
rings.  This  is  owing  to  the  fact  that  the  liquid  hydrogen  phosphide, 
PH.^,  is  first  formed;  thus,  CaPH-2HCl=CaCl2H-PH2,  which,  owing 
to  its  instability,  veiy  easily  splits  up  into  the  solid  phosphide,  PjH, 
and  gaseous  phosphide,  PH3  ;  5PH2=P9H-h3PH3  ;  the  latter  corre- 
sponds with  ammonia.  The  mixture  of  the  gaseous  and  liquid  phosphides 
takes  lire  spontaneously  in  the  air,  forming  phosphoric  acid.  The  same 
hydrogen  phosphides  are  fomied  when  water  acts  on  sodium  phosphide 
(PjNag).  Hence  we  see  that  there  are  three  compounds  ofi>ho8})hor%is  with 
hydrogen  :  (I)  The  fii-st  or  solid  yellow  phospliide,  PjH  (more  probably 
P4H2),  is  obtained  by  the  action  of  strong  hydrochloric  acid  on  sodium 
phosphide  ;  it  takes  fire  when  struck  or  at  175°.  (2)  The  liquid,  PHj, 
or,  more  truly  (molecule),  P2H4,  is  a  colourless  liquid  which  takes  fire 
spontaneously  in  the  air,  boils  at  30®,  is  very  unstable,  and  is  easily 
decomposed  (by  light,  hydrochloric  acid)  into  the  two  other  phosphides 
of  hydrogen.  It  is  prepared  by  passing  the  gases  evolved  by  the  action 
of  water  on  calcium  phosphide  through  a  freezing  mixture.®  And, 
lastly,  (3)  gaseous  hydrogen  phosphide,  2>hosphi'ney  PH3,  which  is  distin- 
guished as  being  the  most  stable.  It  is  a  colourless  gas,  which  does 
not  take  fire  in  the  air.    It  has  an  odour  of  garlic,  and  is  very  poisonous. 

B  The  spontaneous  inflammability  of  the  hydride  PH^  in  air  is  very  remarkable,  and 
it  in  particnlarly  interesting  that  its  analogues  in  composition  P(CjH5).2  (the  formula 
must  be  doubled)  and  Zn(C2H5)2  also  take  fire  spontaneottsly  in  air. 
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It  resembles  aninionia  in  many  of  its  properties.  It  is  easily  decomposed 
Ijy  lieat,  like  ammonia,  forming  pluBphorus  and  hydrogen;  but  it  is 
very  slightly  soluble  in  water,  and  does  not  saturate  acids,  although  it 
forms  compounds  with  some  of  them  whieh  resemble  ammonium  salta 
iu  their  form  and  properties.  Among  them  the  conijiound  irith 
liytti-iodic  acid,  PH4I,  analogous  to  ammonium  iodide,  is  remarkable. 
This  compound  crystallise-s  by  sublimation  in  well-formed  cubes,  like 
sal-nmmoniac,  whieli  it  resembles  iii  many  respects.  However,  tliia 
compound  does  not  enter  into  those  reactions  of  double  decomposition 
wliich  are  proper  to  sal -ammoniac,  because  its  saline  properties  are  very 
feebly  developed.  PhospUuretted  hydroittn  also  combines,  like  ammonia, 
with  certain  cUloi-au hydrides  ;  but  they  are  decomposed  by  water,  with 
the  evolution  of  phoaphine.  Ogier  (ISi^O)  showed  that  hydrochloric 
acid  also  combines  with  pho-sphine  un'ier  a  pressure  of  20  atmospheres 
at  +  18',  and  under  the  ordinary  pressure  at  — 35°,  forming  the  crys- 
talline phosphouium  chloride,  PH,C1,  corresponding  to  sal-ammoniac. 
Hydrobromic  acid  does  the  same  with  greater  ease,  and  hydriodic 
acid  with  still  greater  facility,  forming  phosphonium  iodide,  PH^I.^ 

Pkosphurelted  hydrogen,  p/wnpliine,  PHj,  is  generally  prepared  by 
the  action  of  caustic  potash  on  phosphorus.'"     Small  pieces  of  phos- 

•  ITiB  [leriodii:  Saw  miil  direct  experiment  (tho  moleculur  weigUt)  show  tbst  phon- 
lihine  is  mure  Nmple  thau  the  aulid  Fiydride,  jnet  ilb  metUane,  CH,.  U  mare  limiile  thiin 
ethane.  CjUg,  whose  empirigal  compoBition  is  CHj.  The  formation  of  liquid  phnsphuretlpd 
hjnlrof'eii  nay  be  underslood  troin  the  law  ot  subatitutkiir.  The  univalent  radicle  of 
PHj  i*  PH.j.  and  if  it  is  combined  with  H  in  PHj,  it  replaces  H  in  liquid  pbosphoretted 
hydtOKen,  wliich  Ihiia  givea  P^B,.  This  snbstance  correapcnihwitbfraearoidogenlhjfdra- 
line),  N^,  (Vol.  X.  p.  WT).  Probably  P,H,  ia  ahia  to  combine  with  HI,  aad  perhaps  alao 
Vith  UHlf  or  oilier  molecnles — tiuit  ia^  to  give  a  anhatonije  correBponding  to  phoaphouiuni 

PhotphoniUHl  iodide,  PH4I.  may  be  prepared,  a^xolding  to  Baeyer,  in  large  qnantitieH 
in  (he  followuiQ  manuex : — 100  parts  ol  phosphoraa  are  tlisaolred  ia  dr;  carbon  binnl- 
idiide  ins  tabulated  lelort:  when  the  mixture  has  cooled.  ITS  parts  sf  iodine  are  added 
litUe  by  Utile,  and  tlie  oarhou  bbolphide  ia  thendiatlUed  oiT.  this  being  done  towards  the 
end  of  the  oiieralion  in  a  ourrent  of  dry  carbonio  anhydride  at  a  niodeiate  temperature. 
The  neck  of  tile  retort  is  then  connected  with  a  wide  glass  tube,  and  the  tnbulnre  witha 
ronnel  tnraiBhed  with  a  Btop.co«k,  and  containinR  61)  parts  o(  water.  This  vtaler  is  added 
drop  bj  drtjp  to  the  phosphorous  iodide,  and  a  violent  reaction  lakea  place,  with  the 
erolDtion  of  hydriodic  acid  and  phogphoniiun  ioiiiila.  The  latter  colleot*  as  orystala 
in  the  glaw  tobe  and  the  retort  itself.  It  ia  purified  by  (nrthoi  distillationt ;  more 
than  100  parts  may  be  obtained.  Baeyer  expresses  the  reactinB  by  the  oqUHtion 
P]I-)-3H,O^PH,I-|-P09:  and  the  compound  PO.j  may  be  repreHented  as  phoaphoroa* 
phoaphoric  anhydride:  P,Oj  +  P^Oj - tfO,.  As  ■>  better  proportion  we  may  lake  lUO 
grams  of  phosphorua,  080  grams  of  iodine,  and  atO  grama  of  water,  and  eiprcss  the  for. 
matioQ  thus:— lSP  +  0I  +  alH.,O  =  3U,P.,O;i-7PH,I-t-aHI  (Vol.  I.  p.  41H11. 

Phosphoninm  iodide  and  oven  phosphine  act  as  redu>:iiig  agents  on  the  solutions  ot 
in«ny  metallic  sails.  Cavaui  showed  that  with  a  solution  of  eulphurous  anhydride, 
pboaphiiie  giTea  sulphur  and  phosphoric  acid, 

>"  The  air  must  first  be  expelled  from  the  flask  by  hydrogeti,  Or  lome  other  gaa  vhich. 
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phorus  are  dropped  into  a  flask  containing  a  strong  solution  of  caustic 
potash  and  heated.  Potassium  hjpophosphite,  H2KPO29  is  then 
obtained  in  solution }  gaseous  phosphuretted  hydrogen  is  evolved  : 

P^  +  3KH0  +  3H2O = 3(KH  jPOa)  +  PH3. 

Liquid  phosphuretted  hydrogen  is  also  formed,  together  with  the 
phosphine,  so  that  the  gaseous  product,  on  escaping  from  the  water 
into  the  air,  takes  fire  spontaneously,  forming  beautiful  white  rings  of 
phosphoric  acid.  In  this  experiment,  like  that  with  calcium  phosphide, 
it  is  the  liquid,  P2H4,  that  takes  Are  ;  but  the  phosphine  set  light  to 
by  it  also  bums,  PH3-|-04=PH304.  The  same  phosphuretted  hydro- 
gen, PH,,  may  be  obtained  pure,  and  not  spontaneously  combustible, 
by  igniting  the  hydrates  of  phosphorous  acid  (iPHjO^cr  PH3-I- 
3PH3O4)  and  hypophosphorous  acid  (2PH302=PH3  4-PH304)  ;  or, 
more  simply,  by  the  decomposition  of  calcium  phosphide  by  hydro- 
chloric acid,  because  then  all  the  liquid  phosphide,  P2H4,  is  decomposed 
into  non-volatile  P^H  and  gaseous  PH3. 

Pure  phosphine  liquefies  when  cooled  to  —  90®,  boils  at  —  85®,  and 
solidifies  at  —135®  (Olszewski). 

When  phosphorus  burns  in  an  excess  of  dry  oxygen,  then  only 
phosphoric  anliydride^  I^aO^j,  is  formed.  It  is  prepared  by  throwing 
pieces  of  phosphorus  through  a  wide  tube,  fixed  iute  the  upper  neck  of 

will  not  support  combuation,  as  otherwise  an  explosion  might  take  place  owing  to  the 
spontaneous  inflammability  of  the  pbosphwotted  hydrogen. 

The  following  ia  another  method  by  which  gaseous  phosphuretted  hydrogen  may  be 
easily  prepared:  a  mixture. of  one  part  of  zinc  dust  to  two  parts  of  red  phosphorus  are 
put  in  an  atmosphere  of  hydrogen  or  coal  gas  (it  bums  in  air).  Combination  takes 
place,  accompanied  by  a  flash,  and  a  green  mass  of  zinc  phosphide,  Zn-^o,  is  forqied.  which 
gives  phosphine  with  dilute  sulphuric  acid.  The  combustion  of  phosphuretted  hydrogen 
in  oxygen  also  takes  place  under  water  when  the  bubbles  of  both  gases  meet,  and  it  is 
very  brilliant.  The  phosphuretted  hydrogen  obtained  by  the  action  of  phosphorus  on 
caustic  potash  always  contains  free  hydrogen,  and  often  even  the  greater  part  of  the  gas 
evolved  consists  of  hydrogen. 

Fure  phosphuretted  hydrogen  (not  containing  hydrogen  or  liquid  or  solid  phosphides) 
is  obtained  by  the  action  of  a  solution  of  potash  on  phosphonium  iodide  :  PH^I  +  KHO 
=  PH5-i  KI  +  H-jO  (in  just  the  same  way  as  ammonia  is  from  ammonium  chloride).  The 
reaction  proceeds  easily,  and  the  purity  of  the  gas  is  seen  from  tlie  fact  that  it  is  entirely 
absorbed  by  bleaching  powder  and  is  not  spontaneously  inflammable.  The  vapours  of 
bromine,  nitric  acid,  Arc,  cause  it  to  again  acquire  tlie  property  of  inflaming  in  the  air; 
that  is,  they  partially  decompose  it,  forming  the  liquid  hydride,  P0H4.  Oppenheim  showed 
that  when  red  phosphorus  is  heated  at  200^  with  hydrochloric  acid  in  a  closed  tube  it 
forms  the  compound  PCl3(H5P05)  together  with  phosphine. 

The  analogy  between  phosphine  and  ammonia  is  particularly  clearly  shown  in  their 
hydrocarbon  derivatives.  Just  as  the  compounds  NH,R,  NHRj,  and  NR-^,  where  R  is 
CH5,  and  other  hydrocarbon  radicles,  correspond  with  NH5,  so  also  there  are  exactly 
corre8()onding  compounds  answering  to  PH3.  The  study  of  these  compounds  belongs  to 
organic  chemistry. 
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II  large  glosa  globe,  on  to  a  cup  suspended  in  the  centre  of  the  globe. 
These  lumps  ore  set  tight  to  by  touching  them  with  a  hot  wire,  and 
the  jihosphonis  bums  into  PiOj.  The  dry  air  necessary  for  its  com- 
bustion is  forced  into  the  globe  through  a  lateral  neck,  and  the  white 
flakes  of  pboaphoric  anhydride  formed  are  carried  by  the  current  of  air 
through  a  second  lateral  neck  into  a  series  of  Woulfe's  bottles,  where 
they  settle  as  friable  white  flakes.  FhospLoric  anhydride  may  also  l>e 
formed  by  passing  dry  air  through  a  solution  of  phosphorus  in  carbon 
bisulphide.  All  the  materials  for  tlie  preparation  of  this  substance 
must  be  carefully  dried,  because  it  eombiuea  with  great  eagerness  with 
teater,  at  the  snme  time  developing  a  large  amount  of  heat  and  forming 
inetaphosphoric  acid,  HPO3,  from  which  the  water  cannot  be  separated 
by  heat.  Phosphoric  anhydride  i«  a  colourless  snow-like  substance, 
which  attracts  moisture  from  the  air  with  the  utmost  avidity.  It  fuses 
at  a  red  heat,  and  then  volatilistg.  Its  aSinity  for  water  is  so  great 
thttt  it  takes  it  up  freni  many  bodies.  Thus  it  con^'erts  sulphuric  acid 
into  sulphuric  anhydride,  and  carbohydrates  (wood,  paper)  are  car- 
bonised, and  give  up  the  elements  of  water  to  it  when  brought  into 
contact  with  it. 

When  moist  phosphorus  slowly  oxidises  in  the  sir,  it  not  only 
forms  phosphorous  and  phosphoric  acids,  but  also  hj/pophosphorie  arid, 
H,P,Ob,  which  when  in  a  dry  state  easily  splits  up  at  60°  into  phos- 
phorous and  meUphosphoric  acids  (H,PjOs  =  H3P03-|-HP03),  but 
differs  from  a  mixture  of  these  aoids  in  that  it  forms  well -characterised 
salts,  of  which  the  sodium  salt,  H^Na^P^O^,  is  but  slightly  soluble  in 
water  (the  sodium  salts  of  phosphoric  and  phosphovous  acids  are  easily 
soluble),  and  that  it  does  not  act  as  a  reducing  agent,  like  mixtures 
containing  pliospliorous  acid."     Thorpe,  by  oxidising  phosphorus  in 

Lenoo  of  liTpophospliorit  iicid  (it  is  uIbo  called  »abphoBphone 
ti  did  not  believe.  Draws  (IfMSj  inicBtigated  its  uJti.  It 
be  by  the  following  method.  The  aolnUon  o(  >cid  produced  by 
{  the  ilow  oxidfttion  ol  mowC  |>hoai>lioraai«iaiiedn'ithiLsolutioti|a!>p.c.|  of  aodium  ftcstate. 
,  Auli,  M*,IIgP]0«,eU]0,c:ryBtJLlli«»Dat  OD  cooliogiit  isaiituble  in  JSpoitB  of  water,  uid 
gire*  ■  precipitate  of  Pb^^O,  with  lead  salts  (AgftiOe  with  «att«  of  silTer).  The  lead  salt 
i>  deeompoud  hy  11  t'DrreuC  of  kydmtieu  aulpbidi),  when  lead  lalphide  ii  precipitated, 
vbils  the  Mlation.  evaporated  under  the  receiver  of  an  air-pamp,  gives  crjatolii  of 
H4F,0a,:lH,0,  arluvh  easily  lose*  water  aud  gives  HtP]0«.  Tbu  aalti,  in  whicli  the  H,  i« 
nplaoad  by  Ni,.  or  NiNo,,  or  CdN^,  £0.,  ore  iusolnble  in  water. 

la  order  to  see  the  relation  between  pho«pberic  acid  ood  hypophosphoric  acid  which 

gold  or  mercDT J  from  their  solntions),  but  which  ia  nevertheless  capable  of  being  oxidised 
(for  eaaiDple,  by  potaHaium  permanganate)  into  phosphoric  acid,  it  ifl  ttimpleat  to  apply 
tliB  Uw  of  substitution.  Tbia  dearly  indicate*  the  relation  between  oiahc  acid  (COOU), 
and  caibonio  acid,  OHlCOOH>.  but  tbe  relation  between  the  above  acids  ia  exactly  the 
aaisa  if  we  express  phosphoric  acid  ae  OHiPOOjH,),  becauw  in  thii  case  P,HtO„  or 
|POOtHt)g,  will  correspond  with  it  just  a*  oxalic  doea  to  carbonic  acid.    Thfl  Tolatioa 


"  Salzerprovedthoeii 
■eid).  inwhich  mauj'  chcmi 
nuy  Imi  obtained  in  a  free  iti 
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dry  air,  observpd  the  formation  of  a  volatile  phosphorous  oxide^ 
P2O4,  giving  phosphoric  and  phosphorous  acids  with  water,  butt 
which  by  its  composition  is  the  anhydride  of  hypophosphoric  acid, 

P204  =  H4P202-2H20. 

Judging  by  the  common  law  of  the  formation  of  acids  (Chapter  XV.), 
the  series  of  phosphorus  compounds  should  include  the  following  ortho- 
acids  and  their  corresponding  anhydrides,  answering  to  phosphuretted 
hydrogen,  H3P  : — 

H3PO4,  phosphoric  acid,  and  i*2^.»  anhydride, 

H3PO3,  phosphorous  acid,  and  ^2^3*  anhydride, 

H3PO2,  hypophosphorous  acid,  and  P.jO,    anhydride.*^ 

The  last  of  these  (the  analogue  of  NjO)  is  almost  unknown,  and 
the  second  is  very  little  known.  Phosphoric  anhydride  (P2O5)  with  a 
small  quantity  of  water  does  not  at  first  give  orthophosphoric  acid, 
PH3O4,  but  a  compound  P20.^,H20,  or  PHO,,  whose  composition 
corresponds  with  that  of  nitric  acid ;  this  is  metup/iosphoric  acid.  Even 
with  an  excess  of  water,  combining  with  phosphoric  anhydride,  this 
metaphosphoric  acid,  and  not  the  ortho-,  passes  at  first  into  solution. 
Metaphosphoric  acid  in  solution  only  passes  into  orthophosphoric  acid 
when  the  solution  is  heated  or  after  the  lapse  of  time. 

Orthophosphoric  acid  **  is  obtained  by  oxidising  phosphorus  with 
nitric  acid  until  the  phosphorus  entirely  passes  into  solution  and  the 
lower  oxides  of  nitrogen  cease  to  be  evolved.  The  reaction  takes  place 
best  with  dilute  nitric  acid,  and  when  aided  by  heat.  The  resultant 
solution  is  evaporated  to  a  syrup.     If  a  weighed  quantity  of  phosphorus 

between  hyposulphuric  or  dithionic  acid,  (S0.,.0H)2,  and  sulphuric  acid,  0H(S0.20H),  is 
juBt  the  same,  as  ve  shall  find  in  the  following  chapter.  Dithionic  acid  corresponds 
with  the  anhydride  S.2O5,  intermediate  l^atweeu  SO2  and  SO3 ;  oxalic  acid  with  C.2O5, 
intermediate  between  CO  and  COj ;  hypophosphoric  acid  corresponds  with  the  anhydride 
P2O4,  also  intermediate  between  P3O5  and  P-iOs^ 

1'  Besides  the  above  enumesated  hydrates,  a  compound,  PH3O,  should  correspond 
with  PH,",.  This  hydrate,  which  is  analogous  to  hydroxylamine,  is  not  known  in  a  free 
state,  but  it  is  known  as  triethylphosphine  oxide,  P(C<2H5)30,  whicii  is  obtained  by  the 
oxidation  of  triethylphosphine,  P(C<}H5)3.  1%  must  be  obserred  that  there  may  also  be 
lower  oxides  of  phosphorus  corresponding  withPH^,  likcNjO  and  NO,  and  there  are  even 
indications  of  the  formation  of  such  compounds,  but  the  data  concerning  them  cannot  be 
considered  as  firmly  established. 

^^  Phosphoric  acid,  being  a  soluble  and  non-volatile  substance,  cannot  be  prepared 
like  hydrocliloric  and  nitric  acids  by  the  action  of  sulphuric  acid  on  tlie  alkali  phosphates, 
although  it  is  partially  liberated  in  the  process.  For  this  purpose  the  salts  of  barium 
or  lead  may  be  taken,  because  they  give  insoluble  salts,  thus  Ba3(P04)<2  +  8H9SO4 » 
8BaS04  +  2H3PO4.  Bone  ash  contains,  besides  calcium  phosphate,  sodium  and  mag- 
nesium phosphates,  and  fluorides  and  other  salts,  so  that  it  cannot  directly  give  a  pure 
phosphoric  acid. 


PHOSPHOBCS  AND  THE  OTHER  ELEMENTS  OF  GROUP  V. 


{ilried  in  a  current  of  dry  carbonic  anhydride)  be  taken,  then  a  eryrtal- 
line  ninss  of  the  acid  can  be  obtained  by  evaporating  the  solution  until 
it  consists  only  of  the  quantity  '■'  of  phosphoric  acid  corresponding 
with  the  amount  of  phosphoi'us  taken  (from  31  parts  of  P,  98  parts  of 
solution).  It  fuses  at  +39°  ;  sp.  gr.  of  the  liquid  I'SS.  Phosphorus 
pe n bichloride,  PC'l J,  and  oxychloride,  POCIj  (see  further  on),  giveortho- 
phosphoric  acid  and  hydrochloric  acid  with  water.  The  two  other 
varieties  of  phosphoric  acid,  with  which  we  shall  presently  become 
acquainted,  give  the  same  ortho-acid  when  in  the  presence  of  licidB, 
with  particular  ease  when  boiled  and  more  slowly  in  the  cold.  By 
itself  orthophosphoric  acid  does  not  pnss  into  the  other  varieties ;  it 
does  not  oxidise,  and  therefore  forms  the  limiting  and  stable  form. 
When  heatet^to  300°,  it  loses  water  and  passes  into  pyrophosphoric 
acid,2HaP04=HjO  +  HiPjO;,  whilst  a.t  a  red  heat  it  losea  twice  as  much 
water  and  is  converted  into  metaphoaphoric  acid,  H3P04=HjO  +  HPO,. 
In  solution  orthophospborii;  acid  exists  as  HjPO.,  and  not  as  pjro- 
or  meta-plmsphoric  acids,  because  tho  solutions  of  these  latter  acids 
give  ditTerent  reactions  :  thus  orthophosphoric  acid  does  not  precipitate 
albumin,  does  not  give  a  precipitate  with  barium  chloride,  and  forms  a 
yellow  precipitate  of  silver  orthophoaphate,  Ag:|PO„  with  silver  nitrate 
(io  the  presence  of  alkalis,  but  not  otherwise)  ;  whilst  a  solution  of 
pyrophosphoric  acid,  H,F^O;,  although  it  does  not  precipitate  albumin 
or  barium  chloride,  gives  a  white  precipitate  of  silver  pyrophosphate, 
AgiFjOj,  with  silver  nitrate  ;  and  a  solution  of  metaphosphoria  acid, 
UPOj,  precipitates  both  albuuun  and  barium  chloride,  and  gives  a 
white  precipitate  of  silver  metaphosphate,  AgPO;,,  with  silver  nitrate. 
These  points  of  distinction  were  studies.!  by  Graham,  and  are  exceedingly 
instructive.  They  show  that  tho  solution  of  a  substance  does  not 
determine  the  masima  of  chemical  combination  with  water,  that  solu- 
tions may  contain  various  degrees  of  combination  with  water,  and  that 
there  is  a  clear  difference  between  the  water  serving  for  solution  and 
that  entering  into  chemical  combination.  Graham's  experiments  also 
showed  that  the  water  whose  removal  or  combination  detennines  the 
conversion  of  ortlio-  into  meta-  and  pyro- phosphoric  acids  differs 
distinctly  from  water  of  crystallisation,  for  he  obtiiined  the  salts  of 
Ortho-,  nieta-,  and  pyrophosphoric  acids  with  water  of  crystallisation, 
and  ihey  differed  iii  their  reactions,  like  the  acids  theuisehes,  although 
their  crystals  contained  water  of  crystallisation.  This  water  was 
expelled  with  greater  ease  than  the  water  of  constitution  of  the  hydrates 
in  question. 
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Orthophosplioric  acid  has  a  pleasant  acid  taste  and  a  distinctly  acid 
reaction  ;  it  is  used  as  a  medicine,  and  is  not  poisonous  (phosphorous 
acid  is  poisonous).  Alkalis,  like  sodium,  potassium,  and  aminonium 
hydroxides,  saturate  the  actd  properties  of  phosphoric  acid  when  taken 
ill  the  ratio  2NaH0  :  HaPO^— that  is,  when  salts  of  tjie  composition 
HNajPO,  are  formed.  When  tafceji  in  the  ratio  NaHO  :  H,,PO„  then 
a  solution  having iin acid  reaction  is  oljtained,  and  whenSNaHOiHjPOj 
— that  IS,  when  the  salt  Na;|PO^  is  formed — an  alkaline  reaction  is 
obtained.  Therefore  miiiiy  chemists  (Ber^elius)  even  regarded  the  salts 
of  composition  R,HPO,  as  normal,  and  considered  phosphoric  acid  to 
Ije  bibasic.  However,  the  salt  Nai^HPO,  also  shows  a  feeble  alkaline 
reaction,  so  tliat  it  is  impossible  to  judge  the  chavai'teristic  peculiarities 
of  acids  by  the  reactions  on  litmus  paper,  as  we  already  know  from 
many  examples,  Orthophosphoric  acid  is  tribasic,  because  it  contains 
three  equivalents  of  hydrogen  i-eplaceable  by  metals,  forming  salts, 
such  as  NaH.iPO„Na,HPO„and  Na,PO,.  It  is  also triliasic,  because 
with  silver  nitrate  its  soluble  salts  alwaja  grve  AgjPOj,"  a  salt  with 
three  equivalents  of  silver,  and  because  by  double  decomposition  with 
barium  chloride  it  forms  a  salt  of  the  composition  6aj(P0,)j,  and  silver 
and  barium  hardly  ever  give  basic  salts.  With  the  metals  of  the 
alkalis,  phosphoric  acid  forms  soluble  salts,  but  the  normal  salts  of  the 
metals  of  the  alkaline  earths,  Iij(P0j)5  and  even  RjH,(PO,)  ,  are 
insoluble  in  water,  but  dissolve  in  feeble  acids,  tike  phosphoric  and 
acetic,  because  they  then  form  soluble  acid  salts,  especially  RHj(PO,)j,'* 

"  SilTec  ortbophoapliate,  Ag]P04,  is  yellow,  b{i.  gr.  7'Sa,  and  insoluble  in  water. 
When  heited  it  Idiwh  like  ailver  elxloride,  and  i(  kept  [used  for  lome  Un^h  of  tuna 
it  giTflB  M,  white  pyrophoRphato  (tbe  ilecvrnpoiitian  which  naiwi)  tliii  i»  nut  known). 
It  ia  aolabls  in  wineaaB  lolntione  of  phoiipliorio,  nitria,  uid  even  uwtic  acids,  ot 
unmoaift,  and  many  ot  its  aatta.  It  silver  nitrate  act*  on  a  dimelallic  orthopbos- 
phate-for  inBtanco,  NajHPO,— it  atiU  gites  AgjPO,,  nitric  aoid  being  diaenBagod : 
Kit,HP04-i-BAgNO,-AgjPO,  +  SNaNOs  +  HN03,  Thiaiadoeto  the  property  ot  9il«r 
ol  oijy  giving  normal  ealts  by  double  derompoaitiona  in  the  prewnco  of  water.  Of  wbioh 
fact  the  caee  in  qneation  ia  a  proof,  lor  when  alcohol  ia  add^  lo  silver  ortbophoapbalo, 
Ag,PO„  diaaolved  in  ajropy  pbOKphoric  acid,  it  preoipiUtei  a  while  sail  (the  alcohol 
takea  np  the  free  phoapborio  iK'iil)  boving  the  oompoaition  AgjHPOj,  which  ie  iuime- 
dutely  decomposed  by  water  into  the  normal  ult  ojid  phosphorie  acid, 

I'  The  reacarehea  of  Thoiuaan  ahowed  that  in  very  dilate  aqneooe  aolntiooi  tlie 
majority  of  monobaaio  acida— nitric,  aceli<i,  hydrochloric.  *c.  (bat  hydrofloaric  acid  more 
aiidhydrooy»nio  leaa)— HR  oyoIyo  tlw  following  amoonta  of  heat  (m  Uionennda  of  oaloriea) 
with  cauatio  aoda:  NaHO  +  SHR-H;  NaHOtHB-U;  aNaHO  +  HH  =  H;  that  ia.  if 
BbeawholenambernNBHO  +  HR-HandNaHO  +  nHR  =  14.  Hones  react  ion  here  only 
takes  place  between  one  molecale  o(  NaHO  and  one  moleonle  of  acid,  and  the  remaining 
qnsntily  of  aoid  or  alkali  does  nol  enter  into  the  reaction.  In  the  caae  of  blbaaic  ocida, 
H,R''  (aulphurio,  dilhionic,  oialie,  anlpbnretted  hydrogen,  d;c.),  NaHO  +  SHiR"-!*- 
NBUO  +  H,H"  =  lt;  9NaHO  +  H.,H"  =  a8:  »NaH0  +  HjR''-a8;  thatia,  with  aneioeaaof 
ftOid  (NaHO +  aH'jB"|  I*  thousand  imits  of  heit  are  deTeloped,  and  with  aoeiDBaaol  alkali 
SB,  When  phosphoric  acid  ia  taken  (but  ntt  nil  tribaaio  aoida— (orinslaoM,  notoitrio)  the 
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Phosphoric  anhydride,  or  any  of  its-  hydrates,  when  ignited  with  an 
excesa  of  sodium  hydroxide,  carbonate,  it.,  forms  normal  or  trieoilium 
orilit'ji/iosjifiat';  NajPO,,  but  when  a  solution  of  sodium  carhonate  is 
decomposed  by  orthophosphoric  acid ,  the  ealt  Na^HPO,  only  is 
formed  ;  and  when  an  excess  of  sodium  chloride  is  ignited  with  ortho- 
phosphoric  acid  then  hydrochloric  acid  is  evolved,  and  the  acid  salt 
HjNaPOj  is  alone  formed.  These  facts  clearly  indicate  the  Email 
energy  of  phosphoric  acid  with  respei:t  to  the  formation  of  the  tri- 
metftllic  salt,  which  is  seen  further  fi'om  the  fact  that  the  ealt  NajPO, 
has  an  alkaline  reaction,  decompoaes  in  the  presence  of  water  and  car- 
iMjnic  acid,  forming  Na,HPO,,  corrodes  glass  vessels  in  which  it  is 
boiled  or  evajiorated,  just  like  solutions  of  the  alkalis,  disengages,  like 
them,  ammonia  from  ammonium  chloride,  and  cryataUiseB  from  solu- 
tions, as  NajPOi.iaHjO,  enly  in  the  presence  of  an  excess  of  alkali. 
At  15°  the  crystals  of  this  salt  require  five  parts  of  water  for  solution  ; 
they  fuse  at  77°. 

Ditoditim  ortiiophofphaH,  or  common  sodium  phosphate,  Na,HPO„ 
IB  more  stable  both  in  solutien  and  in  the  solid  state.     As  it  is  used  in 

general  chuTMterof  Ihe  phennmsnon  in  Bimilar  to  the  preceding,  niunelj,  NoHO  +  SHjPO, 
-HT;  N.HO  + H,PO,  -  14  8;  aNaflO  +  H.,PO,  =  a71 ;  BKuHO  +  H3PO,  =  840  [ 
BK«HO  +  HiPO,-BBS;  or,  in  general  tenii»,NiH0  +  BHjPO,- 14  (npproimatelyt,  Biid 
BKiiHO  +  HsPOi  =  S5andno[43,  wBic*»fio*s«  peonlinrily  of  pEmphorio  »cid.  In  the 
CMC  of  enefgetia  oeidi,  when  one  eqaivnlvnt  OH  gruiiB)  of  Boditun  (in  the  form  nf 
hjrdroxide)  repUwB  one  eqoirHlent  (1  grooi)  o[  hydrogen  (with  the  tonnttion  of  water 
■nd  in  ililate  wlntions),  14000  lieat  nnitH  are  evolrert :  and  tlii»  iB  true  for  phcnphorui 
kcid  wbeu  in  HsFO,,  Na  or  N'a,  replacea  H  or  H.),  but  nhen  Nnj  reptacea  Hj  leas  boat  ia 
derelopcd.  This  will  be  Men  from  the  fallowine  amngement  based  on  the  preceding 
flgnrea:  HjPO,  *NnHO  =  l4H:  NaH,PO, +  SiiHO=iaa:  Nb,HP0,4  NaHO^fia;  with 
KetFOft-NaUO.  aTerjeiDklliunoiint  of  heat  »  evolved,  bb  may  be  judged  from  the  laot 
that  Na^0|-i-8NaJI0=^l-S,bDC  still  heat  is  eiolved.  One  mast  inppoiie  that  in  acting 
on  phcHphocic  aciii  in  the  precenee  of  a  Urge  quentity  of  water,  a  certain  portion  of  the 
■odinin  bydroiide  remains  u  alkali  nncombined  with  the  aoid.  Hence,  on  inoreabing  the 
ma«s  of  the  alkali,  heal  is  still  evolved,  and  a  fresh  interchange  between  Ka  and  U  takes 
place.  Hence  water  shows  a  decomposing  action  on  the  alkali  phosphates.  When  iiHjPO, 
is  mixed  with  iiNaHO  in  a  dilute  solution,  nMarJ'O,  and  >iBH  ,0  are  not  tormed.  bnt  (his 
taution  onlj  lakes  place  between  (b-  mjHjPOn  and  (b-  m  ISNaHO.  and  hence  the  remit 
will  be  a  miiture  of  the  solutions  of  («-iii).'iB,PO.,mHjPO,  (or  more  pnriwblj  of  acid 
nltal,  mNaHO  and  0H„  and  therefore  the  solution  of  NajPO,  has  an  alkahne  rew:tiaa. 
Tlie  same  decompoeing  action  of  water  ia  seen,  bnt  toalesaeiteot,  with  Na^HPO^ai  may 
be  judged  both  from  the  learlions  of  tbia  salt  and  from  the  amanat  at  heat  developed  by 
N^iPOt  with  NbHO.  Such  an  eiplanKticui  is  in  accordance  with  man)  [acts  concern- 
ing the  decompoeition  of  salts  by  water  already  known  to  ns,  and  shows  that  in  the 
prsaence  of  a  mass  of  water  thennoohemical  da.ta  cannot  be  the  means  of  discovering 
the  natnre  of  acids,  but  rattier  the  means  (or  demon slra ting  the  elleots  of  water  on 
Balls,  il  IhB  data  obtained  by  this  means  be  compared  with  other  data  reUtire  to  the 
aella.  Recent  ronenrclHis  made  by  Berthelot  and  Luogninine  Lave  confirmed  the  above 
dednclinns  made  by  me  io  the  first  edition  IIBTK  of  this  work.  Now  views  of  thia 
nature  arc  already  somewhat  generally  accepted,  allhongli  they  are  not  enfflcieDtlr 
Bttietly  applied  in  other  cosei. 
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groups),  i.e,  as  P0(0H)3.  This  method  of  expression  indicates  that 
the  type  PX.^,  seen  in  PH4I,  is  here  preserved,  with  the  substitu- 
tion of  Xj  by  oxygen  and  X3  by  three  hydroxy  1  groups.  The  same 
type  appears  in  POCI3,  PCI5,  PF.,,  <fcc.  And  if  we  recognise  phofl> 
phoric  acid  as  P0(0H)3,  we  should  expect  to  find  three  anhydrides 
corresponding  with  it :  (1)  [PO(OH)2]jO,  in  which  two  of  the  three 
hydroxyls  are  preserved  ;  this  is  pyrophosphoric  acid,  H4P2O7.  (2) 
PO(OH)0,  where  only  one  hydroxyl  is  preserved.  This  is  metaphos- 
phoric  acid.  (3)  (PO)203  or  P-jOg,  that  is,  perfect  phosphoric  anhydride. 
Therefore,  pyro-  and  meia-phosphoric  acids  are  imperfect  aniiydrides  (or 
aiihydro-acids)  of  orthophosphoric  acid,^^ 

Pyrophosphoric  acid^  H4P0O7,  is  formed  by  heating  orthophos- 
phoric acid  to  300^,  which  then  loses  water.  Its  normal  salts  are 
formed  by  igniting  the  dimetallic  salts  of  orthophosphoric  acid  of 
the  types  HM2PO4.  Thus  from  the  disodium  salt  we  obtain  sodium 
pyrophosphate  NajPjOy  (it  crystallises  from  water  with  lOH^O,  is 
very  stable,  fuses  when  heated,  has  an  alkaline  reaction,  and  does  not 
form  ortho-  salts  when  its  solution  is  boiled)  :  and  from  the  mono- 
sodium  salt  NaH2P04  the  acid  salt  Na^HaPjOj  (easily  soluble  in 
water)  is  formed  ;  this  has  an  acid  reaction,  and  when  ignited  further 
gives  the  meta-salt.^® 

1^  In  thin  sense  the  ortho-acid  itself  might  be  regarded  as  an  anhydro-acid,  counting 
P(H0)5  as  the  perfect  hydrate,  if  PH5  existed ;  but  as  in  general  the  normal  hydrates 
correspond  with  the  existing  hydrogen  compounds  witli  the  addition  of  up  to  4  atoms  of 
oxygen,  therefore  PH5O4  is  the  normal  acid,  just  as  SH.^Oi  and  CIHO^;  but  NHO3, 
CHoO.^  are  meta-acids,  or  higher  normal  acids  (NH3O4  and  CIi404)  with  the  loss  of  a 
molecule  of  water. 

In  order  to  see  the  relation  between  the  ortho-,  pyro-,  and  meta-phosphoric  acids,  the 
first  thing  to  remark  is  that  in  them  the  anhydride  P-^Oj  is  combined  with  3,  2,  and  1 
molecule  of  water.  But  such  an  empirical  relation  does  not  express  the  entire  reality, 
because  the  pyrophosphoric  acid  is  not  obtained  (?)  in  the  conversion  of  the  meta-  into  the 
ortho-acid ;  for  instance,  when  the  former  is  obtained  from  the  anhydride  and  converted 
into  the  ortho-acid  by  heating  its  solution.  The  intimate  relation  between  the  ortho-  and 
meta-acids  is  better  expressed  by  the  ordinary  formulsB,  which  show  that  the  ortho-acid, 
HsPO.^,  and  the  meta-acid,  HPO3,  contain  one  atom  of  phosphorus,  whilst  the  molecule  of 
the  pyro-acid,  U4P'j07,  has  two.  Still,  even  this  expression  of  the  composition  of  these 
acids  does  not  correspond  with  facts,  because  all  the  data,  hereafter  considered,  respect- 
ing metaphosphoric  acid  show  (Note  21)  that  its  molecule  is  much  more  complex,  is 
polymerised,  and  contains  at  least  H.<;P-0{, ;  the  like  cannot  be  said  as  to  nitric  acid. 
The  explanation  of  the  problems  which  here  present  themselves  can,  it  seems  to  me, 
be  only  looked  for  after  a  detailed  study  of  the  phenomena  of  the  polymerisations 
of  mineral  substances,  and  of  those  complex  acids,  such  as  phosphomolybdic,  which  we 
shall  hereafter  (Chapter  XXL)  describe.  A  similar  instance  is  exhibited  in  the  solubility 
of  hydrate  of  silica  (produced  by  the  action  of  silicon  fluoride  on  water)  in  fused  meta- 
phosphoric acid,  with  the  formation,  on  cooling,  of  an  octahedral  compound  (sp.  gr.,  8*1) 
containing  SiO^jP^Os. 

^  The  method  of  preparation  of  the  acid  itself  consists  in  converting  the  sodium  salt, 
Na^PaO;,  by  doable  decomposition  with  water  and  a  salt  of  lead,  into  insoluble  lead 
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Metajihoi>pliorie  acid,  KPOj  (the  analogue  of  nitric  Htid),  is  formed 
by  the  ignition  of  the  pyro-  and  ortho-acids  (or,  better,  of  their 
amoioniuDi  salts),  asa  glassy,  hygroscopic,  fused  mass  (glacial  phosphoric 
&nA,  <teidum  phosphoricum  glaeiah),  soluble  in  water  and  volatilising 
without  decomposition.  It  is  also  formed  in  the  first  slow  action  of 
cold  water  on  the  anhydride,  but  metaphosphoric  acid  gradually 
changes  into  the  ortho-acid  when  its  solution  is  boiled,  or  when  it  is 
kept  for  any  length  of  time,  especially  in  the  presence  of  acids." 

fyniplioBpbato,  Pb^^O;,  vhich  in  tben  almken  up  in  iciter  and  decomposed  by  snlpliu- 
nsltiid  hydrogen ;  lend  wiphide  in  thus  precipiUited,  nnd  pyTopliusphoria  u id  rainuni  iu 
HOluliun.  Thi«  aalutioa  cannot  be  lie»l*d,  oc  the  pyro-iwid  will  pus*  inW  Uie  ortlio-,  but 
must  be  evaporated  under  the  receiver  of  an  air-pump.  It  cancenlr»te9  to  a  (lyrop  uiid 
crysUlli»B,  and  vhen  ignited  in  this  farm  it  loiei  water,  and  formi  metuphoaphoric  avid. 
It  reaembleB  orthophcopharic  acid  in  many  respecla  \  iln  wlU  with  the  alkalii  are  alwi 
•olable.  and  the  others  ioBOliilile  in  wuter  l>Dt  boIdUIu  in  avidii.  When  heated  in  aolntiou 
with  acid  it  giree  ortUophnHphoriu  acid,  lU  well  na  when  fused  irilb  en  excena  at  alkali. 

I  may  here  remark  that  Witt  heated  unmoniam  chloride  nith  phimpliaric  t/H 
(hydroehlonc  acid  was  evoWedl,  ignited  the  residue  lo  drive  oR  ajninonia,  and  obtained 
pyrophoapboHc  aciil  in  the  reaidae, 

*■  Aj  Khen  nsing  phenolphlhalein  as  an  indtcator  in  neatralising  by  an  alkali  meta. 
pbuaphorie  itcid  i%  mouobaaic,  and  orthophuapborio  acid  is  bibasip.  it  is  possible  by  means  of 
tliia  diflerenoe  to  folio*  the  tnuiiition  of  meta^  into  ortho.phoaphoric  acid,  Sabatier  1 1888} 
ouried  on  an  investigatioQ  of  this  nature,  and  found  that  the  rate  of  transformation  is 
dapcmilent  oa  the  temperature,  and  ia  subject  to  the  genera!  laws  of  the  rate  of  chemical 
tnuidomiations,  to  whose  coniiidr.>Tatiun  we  shall  return  in  the  following  chapter. 

Uelaphosphoric  acidhaa  a  particular  interest  in  respect  lo  the  Taristioni  to  which 
it*  aalts  are  subject.  The  metaphoaphates  are  lomied  by  the  ignition  of  the  acid  ortho- 
]dMwphateik  MH...PO,,  or  UNH.HPO1,  or  of  the  acid  pyrophosphates,  MjH.jP.jO:,  or 
lt,(\H,),P,0„  water  and  ammonia  being  given  oR  in  the  proceas.  The  properties  of  the 
metaphmpliatoa,  which  have  a  similar  composition  to  nitrates— for  instance,  NaPOg.  nr 
Ba(TO3)j--vary  according  to  the  duration  of  tile  ignition  to  which  the  ortho-,  or  pyr<>- 
phnuphatos  from  which  they  are  prepared  have  been  Bnbjected.  When  the  salts  NaH^O, 
nt  NHiNaHPOi  are  strongly  ignit«d.  a  aatt  NaPO.^  is  formed,  which  deliquesces  in  tb« 
•Jr,  and  gives  a  gelatinoac  precipitate  with  salts  of  the  alkaline  earths.  Bat,  sn  Q-raham 
rin  ieS<MO)  and  many  others,  especially  Fleitmaun  and  HeDoeherg  (in  1840-30), 
ufanemd.  Dnder  other  conditions  the  salta  of  the  same  composition  acquire  otlier  proper- 
ties. The  above  cbemista  recognise  live  polymeric  forms  of  meteiihosphates,  lUPOnlm 
where  n  varies  from  1  lo  B,  We  will  mention  certain  of  these  varieties,  following  the 
numeuclatare  and  reaearches  of  Fteitmann. 

Uomrmflapluaphoric  iieid.  The  salts  are  diatingnlahed  for  their  insolubility  in 
•■tori  even  the  salt*  NaPOj,  KPOj,  are  insoluble.  They  ore  obtained  by  igniting  the 
raimometallio  orthopboaphatcs— tor  example,  RU^O,— up  to  the  temperature  at  which 
all  water  i>  evolved  <SI<t'),  but  not  to  fusion.     No  double  salts  are  known, 

IHm^laphotplwrie  arid,  on  the  contrary,  easily  forma  double  salts— for  eiampte, 
KXaPjOa,  and  also  the  copper  potdssium  salt,  ibc.  The  copper  salt  isobtainedby  evapo- 
rsliag  a  snlution  of  copper  oxide  in  urthophoaphorlc  odd.  A  blue  orlhcsdl.  CuURO,, 
UtaC  separates  from  the  solution,  Iben  a  Hght-Uue  pyro-salt,  Cn.,P,0, ;  and  above  8X0°, 
when  tnstaphoepboric  acid  itself  begins  to  volatilit^e.  the  dimetaphoaphalv,  CuP^O„,  ia 
formed,  llie  residue  is  woslicd  with  water,  and  decomposed  with  ahot  solution  of  sodiiUB 
■nlphide,  and  then  the  sodium  salt,  NajP^Oc.  ie  obtained  in  solutinn.  This  salt,  when 
utapnntted  with  alcohol,  gives-orystiilscimtaiuin^a  mol.  H.,0,  which,  however,  retain  their 
KOlubihty  lin  7  parts  of  v.Mt-rl  afU.T  llie  water  is  driven  off  at  100  .     When  fu-ert.  Uieaa 
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In  order  to  see  the  relation  between  phosphoric  acid  and  the  lower 
acids  of  phospliorus,  it  is  simplest  to  imagine  the  substitution  of 
hydroxyl  hy  hydrogen.  Then  from  orthophosphoric  acid,  PO(OH)3, 
we  shall  obtain  phosphorous  acid,  P0H(0H)2  and  hypophosphorous 
acid,  POH(OH) ;  and,  furthermore,  phosphorous  acid  should  be  bibasic 
if  orthophosphoric  acid  was  tribasic,  and  hypophosphorous  acid  should 
be  monobasic.  This  conclusion  is  indeed  true,  and  this  shows  that  all 
the  acids  of  pliosphorus  may  be  referred  to  one  common  type  PX^, 
whose  representatives  are  PH,I  and  PCI5. 

Phoatj^horoua  a<;{d,  PH^O;,,  is  generally  obtained  from  phosphorus  tri- 
chloride, PC1.„  by  the  action  of  water  :  PCl.,  +  3H20=3HCl-|-PH,O,. 
Both  acids  formed  are  soluble  in  water,  but  are  easily  separated, 
because  hydrochloric  acid  is  volatile  whilst  phosphorous  acid  volatilises 
with  difficulty,  and  if  a  small  amount  of  water  l>e  originally  taken  the 
hydrochloric  acid  nearly  all  passes  off  directly.  Concentrated  solutions 
of  phosphorous  acid  give  crystals  of  HsPOg,  which  fuse  at  70^  attract 
moisture  from  the  air,  and  deliquesce  when  ignited,  giving  phosphine 
and  phosphoric  acid,^**^  and  are  oxidised  into  orthophosphoric  acid  by 

crystals  ^rive  ft  deliquescent  salt  (hexa-metapliosphnte).  The  Bolution  of  the  salt  has  a 
neutral  reaction,  which  onlyaftor  prolonged  boiling  becomes  acid,  owing  to  the  formation 
of  orthophosphatc,  XaH^POi.  Tl^©  soluble  salts  of  dimetaphosphoric  acid  give  the  in- 
Koluble  silver  salt,  Ag^PoO^,  with  silver  nitrate,  and  a  precipitate  of  BaP.204j,2H.20  with 
barium  chloride. 

Triwrf  a  phosphoric  acid  is  o))tained  as  the  sodium  salt  Na.-.P-.Op  when  any  other 
motaphns])hnte  of  sodium  ih  fused  and  slowly  cooled,  then  dissolved  in  a  sliglit  excess 
of  warm  water,  and  the  resultant  solution  evaporated.  The  crystals  contain  C  mol.  H-^O, 
and  dirtsolve  in  four  parts  of  wat<?r.  An  acid  reaction  is  only  obtained,  as  with  the  pre- 
ceding salt,  after  prolonged  boiling  with  water.  The  acid  is  a  true  analogue  of  nitric, 
acid,  bi'cause  all  ifs  meiallic  salts  are  soluble. 

Hcraniffaphosphorir  acid.  Fleitmann  so  named  the  ordinary  metaphosphoric  acid 
(glacial)  which  attracts  moisture.  The  deliquescent  sodium  salt  is  obtained,  like  the  tri- 
nietapliosphate,  only  by  rapid  cooling.  It  is  also  fonned  by  fusing  silver  oxide  with  an 
excess  of  ]>hosphoric  acid.  The  sodium  salt  is  soluble  in  water,  and  gives  viscous,  elastic 
precipitates  with  salts  of  Ba,  Ca,  and  Mg. 

Jawein  and  Thillot  (1H89),  who  investigated  the  sodium  salts  of  metaphosphoric  acid 
by  Ranult's  method,  came  to  the  conclusion  that  the  salts  of  di-  and  tri-metaphosphorio 
acid  \  ehave  in  such  a  manner  that  their  molecule  must  be  represented  as  non-polymeriscHl 
NaP)-„  whilst  those  of  hexametaphosphoric  acid  behave  as  (NaP0-,)4.  At  all  events, 
the  series  of  salts  which  Fleitmann  and  Henneberg  regard  as  monometaphosphates  are, 
in  my  opinion,  most  probably  the  most  polymerised,  because  they  are  insoluble. 

^^  I'hosphorons  acid,  when  subjected  to  the  action  of  nascent  hydrogen  (zinc  and  sul- 
phuric acid),  evolves  phosi)hine,  and  when  boiled  with  an  excess  of  alkali  it  evolvea 
hydrogen  (PH30.,  +  8KHO  =  PK504-^2H..O +  HJ ;  owin-  to  its  liability  to  oxidation, 
it  is  a  reducing  agent — for  instance,  it  reduces  cupric  chloride  to  cuprous  chloride,  and 
precipitates  silver  from  the  nitrate  and  mercury  from  its  salts.  According  to  Amat, 
phosplu)r«>us  acid  easily  gives  corresiK)uding  salts  with  NHj  and  2NH3,  and  forms  a 
pyropho-^phorous  acid,  P.^HiOj. 

These  reactions  are  perhaps  connected  with  the  fact  that  in  this  acid  one  atom  of 
hydrogen  should  bo  considered  as  in  the  same  condition  as  in  phosphurctted  hydrogen, 
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many  oxidising  agents.  In  ita  salts  only  two  hydrogen  fltoina  are 
replaced  by  metala  (Wiirtz)  ;  the  salts  of  tlie  alkaline  ■  metals  are 
soluble,  and  give  precipitates  witli  salts  of  the  majority  of  otlier  metats. 
The  monobasic  hj/pophoiip/wrous  acid,  PH/J,,  gives  salts  PIl jtljNa, 
(PU;0,,,).,Bft,  itc.  ;  the  two  remaining  atoms  of  hydrogen  {which 
exist  in  the  same  foiiu  as  ia  phosphiue,  PH„)  are  not  replaceable  by 
metals,  and  this  determines  the  property  of  these  salts  of  evolving 
phosphuretted  hydrogen  when  heated  (especially  with  alkalis).  In 
acting  on  substances  liable  to  reduction  it  is  this  hydrogen  which  acts, 
and,  for  example,  redurea  gold  and  tiiercury  fmm  the  solutions  of  their 
salts,  or  converts  cupric  into  cuprous  salts.  In  all  these  instances  the 
hj-pophosphofous  acid  is  converted  in  phosphoric  acid.  Under  the 
action  of  zinc  and  sulphuric  acid  it  gives  phosphine,  PH,,  Neverthe- 
less, neither  hypophosphorous  acid  nor  its  dry  salts  absorb  oxygen 
fi-oni  the  air.  The  aalts  of  hypophosphorous  acid  are  more  soluble  than 
those  of  the  preceding  acids  of  phosphorus.  Thus  the  sodium  salt 
PNaH.Oj  does  not  give  a  precipitate  with  barium  chloride,  and  the 
salts  of  calcium,  barium,  and  many  other  metala  are  soluble."  The 
hypophospliit^sare  prepared  by  boiling  an  alkali  with  phosphorus  so 
long  as  phosphuretted  hydrogen  is  evolved.  The  acid  it«elf  is 
obtained  from  barium  hypophosphite  (prepared  in  the  same  manner  by 
boiling  phosphorus  in  baryta  water),  by  decomposing  its  solution  with 
sulphuric  acid.  By  concentration  of  the  solution  of  hypophosphorous 
acid  (it  must  not  be  heateil  above  130°,  at  which  temperature  it 
deiKimposes)  a  syrup  ia  formed  which  is  able  to  crystalli.se.     In  the 

which  i»  oiprnMud  bj  lliB  (ormnlA  PHO|OHtj,  if  we  repreuent  It  iB  PH,X,  wilh  Ihe  mib- 
■titation  ol  twa  of  the  hydrof^n  nUnna  by  sxygen  uid  of  HX  b;  tiro  of  hjdroi;].  Ths 
lUmit  piwnge  of  phoiphoroui  chloiiiitt  into  phoapliaruutt  ncid  wonlil.  hoireTer,  iudicatp 
that  kll  [he  three  ntoma  erf  lijdroijeti  in  it  occur  in  the  form  of  hydroiyl,  becnnse  no 
di8emi(?e  it  knomi  betvum  the  three  utains  of  chlorine  in  PCIt — they  all  react  alike,  as 
anle.  Hnwever,  Menshntkin,  hy  acting  on  a]K>hal.  C,HgOH,  with  phosphoroiu  uhbridB, 
obtained  bydrochloria  acid  ajxil  a  snbstuice  P(C||HjO)Cl„  and  from  it  by  Che  action  ol 
bramine  he  obtained  ethyl  bromide,  CaH^Br,  and  «  eompouDd  PBrOCl],  which  proiea,  to 
ft  oertain  extent,  the  eiiateoce  of  n  dinetence  between  the  three  aiana  of  chlarine  in 
phixphototu  chloride. 

If  we  turn  oar  nttenlion  to  (he  (orniatioii  ol  phoiphiiiB  by  the  iguitioDof  i>hosphorona 
atdd,  then  «d  see  that  iPHjOj  only  erolTe  SU  is  the  loon  of  PH,,  uid  thenifare  the 
niiUdac — tbitt  ii.  SPHjOi— will  atiU  contain  one  hydrogen  of  the  aame  nature  an  iu  plioa- 
phlno.becante  in  iPHjOj  wo  should  tBoogoiHi  four  inch  hydrogens  aa  in  phoiphine.  We 
arrive  at  the  name  conclniion  by  examining  the  decompoaitiDn  ol  bypophoBphorona  a<:i<], 
•PHsOi-PHi  +  PHjOj.  In  the  two  molecnles  of  the  monobiisic  hypophoaphorous  aniA 
taken.  Ibero  are  only  two  ntonm  of  hydrogen  replEwenble  by  melaJs,  whilit  in  the  niote- 
mte  of  the  mnltant  |ilio«t'hnric  lUjid  there  are  three.  Perbapii  relationi  of  this  nature 
dcMnslne  the  relntivc  atnhility  of  the  di-metikllic  salti  of  orthophosphoric  acid. 

"^  Coleium  hypophodgihitc  is  used  in  meiliciop.  AcoordiuK  to  Cavauj,  «  mixtara  o( 
hjpophOTphite,  MnH.jPO],  and  aodiiun  nittste  siplodei  violently. 
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solid  stiite  liypophosphorous  acid  fuses  at  + 17°,  snd  lias  the  pr..pei-ties 
of  «  cl  early-deli  lied  acid. 

The  types  PX,  and  PXj,  which  are  evident  for  the  hydrogen  .and 
oxygen  compounds  of  phosphorus,  are  must  clearly  seen  in  its  halc^en 
compounds,'*  to  the  con  si  deration  of  which  we  will  proceed,  fixing  our 
attention  more  especially  on  the  chloriue  compounds,  as  being  the  most 
important  from  the  historical,  theoretical,  and  practical  point  of  view. 

Phosphorus  hums  in  chlorine,  forming  phosphorous  chloride,  PC!„ 
and  with  an  excess  of  chlorine,  phosphoric  chloride,  PCI,.  The 
oiychloride,  POClj,  as  the  simplest  chloranhydiide  according  to  the 
type  PX,„  and  aUo  phosplioric  chloride,  correspond  with  orthophos- 
phoric  acid,  PO(OH)„  and  phospliorous  chloride,  PC1„  corresponds  with 
phoaphoroitB  acid  and  the  type  PX„.  Phosphoric  osychloride,  POCl„  is 
a  colourless  liquid,  hojling  ut  110°,  Phosphorus  trichloride  is  also  a 
colourless  liquid,  boiling  at  73°, "'  whUst  phoaphorfb  chloride  is  a  solid 

"  Flnorine  uid  bromine  give  PSj  niid  PXj  like  chlorine.  Willi  resrecl  to  iodinB 
Pli  iH,  in  nchemic&l  Ban«e,  a  Ter;  unstable  «ub»tancp.  Pho»iihoTin  Iri-lodidt  ia  euilr 
lomeil  (from  jalloir  or  red  phosphorus  Biul  iodino  in  theregtuutepioportinnB).  Itiaand 
ci7aUltine  sabatuice,  taaiB  at  GS'^,  IB  easily  dacomposed  by  waMc,  (orming  phoaphoroua 
and  liydriodio  acids,  luid  n-lieii  heatod  it  evolves  iodine  vnponn  and  fnnua  pliospbotUEi 
fli-iodide,  PI,.  This  anbalauoa  may  be  oUained  in  the  same  manner  iia  tfae  pwce- 
diiig  by  taking  a  smaller  proportion  oF  iodine  iH  parts  of  iodine  to  1  pott  of  water. 
nrhiUt  the  Iri-iodida  requires  la'B) ;  it  ako  (orms  red  eryatal*.  which  melt  at  1(0°. 
When  dec'nniposed  by  water  it  not  only  giyes  piioaphorona  and  hjdriodie  acids,  botalao 
pliosphino  Bud  R  yellow  substance  (a  lower  oiide  of  phoaphoruB).  In  its  eompomtjon  di- 
lodide  of  iiliosphornscorreapoDds  with  liquid  phnapharettod  hydrogen,  PHj,  and  probably 
ita  DioleculiU  weight  ia  much  higher;  Pjl,  or  Pglg,  &.c.  As  the  iodine  compounda  □( 
phOBph'rns  give  hydtiodic  and  phoaphoronE  acids  with  water,  and  as  both  theae  anb- 
slanceit  are  reducing  agents  in  the  presence  of  wat«  (and  hydratea),  iodide  of  phoaphoma 
alao  acts  an  a  reducing  agent. 

"•  In  a  liqaid  atata  the  denaity  of  pbosphcrcaa  chloride  at  lO^^l'fiO?,  and  therefore 
its  molecular  volome  iilST-E  I'SST^'SS'O,  and  th^t  of  phoaphoms  oiychloride  is  ngoal 
to  16B'B/1'D98-B0'7;  hence  the  addition  of  oxygen  baa  produced  tonaiderable  in- 
crease ill  volume,  juat  as  in  the  cOBTeisioD  of  sulphur  dichloride,  SClg,  into  solplliuyl 
chloride,  SOCI],  the  volume  varies  from  Ul  to  71.  It  is  the  same  with  the  boiling  pointa ; 
phosphoruB  trichloride  boils  at  T0^  the  oiycUloride  at  100^,  aulphor  dichloride  at  W, 
and  aulpliuryl  chloride  at  78 — that  is,  the  addition  of  oxygen  raise*  the  boihu);  points. 

T}te  vapour  deniily  at  plioaphorus  trichloride  and  oi jchloride  correaponds  with  tbeir 
^>mlul<E — namely,  in  equal  to  hsit  the  moleculai  weight  referred  to  hydrogen.  In  Teality , 
U>«  obaerved  vaiionr  density  of  phospbomi  trichloride  with  respect  to  ur  =  1'8  (Cahonra) 
— that  is,  OBI  referred  to  hydzogen,  whilst  according  to  ita  formula  it  ihould  be  flS'T  ;  in  the 
caae  of  phosphoms  oxjoUoride,  the  obieired  ra]ionr  density  referred  to  atr^E'4  (Wilrli), 
and  S'8  (Cahomn  at  S7S''),  hence  the  meic  referred  to  hydrogen  '^77.  whilst  according 
to  the  fonnola  it  shonld  be  73'7.  Hence  the  (ormnlie  of  phOBphonia  trichloride  and 
oiychloride  oorreepoud  with  two  volumes,  as  do  those  of  all  whole  laolucnlea.  But  il  ia 
not  BO  with  phosphorus  pentachlcride.  Cahoura  allowed  that  the  vapour  density  at 
pliosphoma  pantachloride  referred  to  air  =8(16,  to  hydrogen  »Ba'B,  whilst  according  Ut 
the  forronla  PCl^  it  ahould  be    =  IWa.     Hence  this  tonuula  correaponds  witli  four,  and 

urd  not  one  molecule,  that  in  a  atate  of  vnpoui  it  aptila  up,  like  sal-ammoniac  (Vol.  !■ 
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yellowish  substance,  intuaible  bnt  straightway  volatilising  at  about  1  dS". 
They  are  all  lieftvier  than  water,  and  form  types  of  the  chloran/iydridft 
or  chlorine  comjioumla  of  the  non-metallic  elements  whose  liydrates  are 
ftcifls,  just  as  NaCI  or  BaCl,  are  tyjjeK  of  the  saline  metals. 

If  a  piece  of  phosphorus  be  dropped  info  a  fiask  containing  chlorine, 
it  burns  when  touched  with  a  red-bot  viive,  and  combines  with  the 
chlorine.  If  the  phosphorus  Ije  in  excess,  then  liquid  jJiosplionis 
Irir/iloride,  PC1„  isalwaj-s  fiirmed,  but  if  the  chlorine  be  in  excess  then 
the  solid  pentachioride  is  obtained.  The  trichloride  is  generally  pre- 
pai-ed  in  the  following  manner.  Dry  chlorine  (passed  through  a  series  of 
Woutfe's  bottles  containing  sulphuric  acid)  is  led  into  a  retort  contain- 
^  ing  sand  and  phosphorus.  The  retort  ia  heated,  and  the  phosphorus 
'  melts  into  a  liquid,  spreads  through  the  sand,  and  gradually  forms 
I  the  trichloride,  which  distils  over  into  a  receiver,  where  it  condenses. 
\.Phoa]>horie  chloride,  or  phosphorus  pentachioride,  PClj,  is  prepared  by 
^passing  dry  chlorine  into  a  vessel  conto-iniog  phosphorus  trichloride 
{(purified  by  distillation).  Phosphorous  chloride  combines  directly  with 
lOsygen,  but  more  rapidly  with  ozone,  or  with  the  oxygen  of  potassium 
[Chlorate  (3PC1,-|-KC10„  =  3P0Cl,-rKCl),  forming  phosphorus  oxy- 
kJihride,  POCI,  (Brodie).  This  compound  is  also  formed  by  the  first 
pction  of  water  on  phosphoric  chloride  ;  for  example,  if  two  vessels,  one 
^ntainiug  phosphoric  chloride  and  the  other  water,  are  placed  under  a 
ibell  jar,  aft«r  a  certain  time  the  crystals  of  the  chloride  disappear  and 
nydroi^hloric  acid  passes  into  the  water.  The  aqueous  vapour  acts  on 
nhe  pentachioride,  and  the  following  reaction  occurs  :  FCl^-f  HjO^ 

■.  BIO),  satpbarii:  acid,  kc.  Tlie  prDdoclH  of  diarnpttnn  mmtt  here  be  iilioH|ibi>ranit  chloride. 
Kli,  *od  chloriae,  Clj,  bodies  which  eHuil}-  n-fomi  phoHpliorio  Dhloride,  PCIg,  «t  a  lover 
becaUBs  the  latter  maybe  diatilled.  This deroEnpoaition  o[  pliiuphoric  ohlo- 
cODTenion  into  Taponr  is  coiilimi«l  by  the  fact  that  the  vapoar  nf  thia  oIiuiMI 
Rtbitance  shons  the  gieeniah  yellon  coloni  proper  to  Dhlorioe.  Thin  diaBociil- 
phDaphoric  chloride  has  been  considsreil  by  some  chemists  aa  H  sign  tliat  pbOB- 
pfaonu.  like  nitroj^en,  does  not  ipve  rolatile  compoiuids  ol  the  type  PXj,  and  that  aucli 
Btable  nioleciilB.r  compomidB  which  break  ap  when 
iilatitled;  toreitunplu,  PHjJII ;  PCls.CI,,  XH],HC1,£d.  HoveTer  tliis  may  be,  there  are 
ferlectly  definite,  although  perhaps  oniitable,  Fompannds  belonging  to  the  typePXj. 
Punhermore,  WUrlB  in  ISTO  observedthat  when  mined  with  the  vapour  of  phoaphoroua 
chloride,  the  vapour  of  phosphoric  chloride  distila  (from  160"  to  190°)  oner  perfectly 
Mlourles*,  and  has  a  dennty  which  ia  really  near  Co  the  fonnnla — namely,  to  101 — and 
'Ui  detfnnined  tor  the  pentaphloride  in  an  almoBphere  of  chlorine. 
Bence  at  low  tetnperataras  anil  in  admiitnre  with  one  □(  the  prodacia  of  diiaooiation, 
in  which  occurs  at  higher  temperaluree — thai  i a,  wo 
kera  have  a  case  of  disaociatinn  proceeding  at  moilerate  temperatnrea. 

imporUnt  proof  in  favour  of  the  type  PXj  i>  eihibited  Ly  pUoaphorns  penta- 
PF],  obtained  by  Tlioipe  as  a  colourless  gas  which  only  corrodes  glass  after 
tfa*  Upu  □(  limei  it  may  be  kept  under  mercury,  and  has  a  normal  density.  It  ia  farmed 
idwn  liquid  onanic  tcifiuDride,  AiFj,  ia  added  to  phoiphoric  chloride  surrounded  by  a 
ndxtare:  BPClj*  BAaFs-BPFjtBABClj. 
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POClg+SHCl,  the  result  being  that  liquid  phosphorus  oxychloride  is 
found  in  one  vessel,  and  a  solution  of  hydrochloric  acid  in  the  other. 
However,  an  excess  of  water  directly  transforms  phosphoric  chloride 
into  orthophosphoric  acid,  PCl5+4H.,0=PH804  +  5HCl.*« 

The  above  chlorine  compounds  serve  not  only  as  a  type  of  the 
chloranhydrides,  but  also  as  a  means  for  the  preparation  of  other 
acid  chlaranhydrides.  Thus  the  conversion  of  acids  RHO  into  chlor- 
anhydrides, RCl,  is  generally  accomplished  by  means  of  phosphorus 
perttachloride.  This  fact  was  discovered  by  Chancel,  and  adopted  by 
Gerhardt  as  an  important  means,  for  studying  organic  acids.  By  thia 
means  organic  acids,  containing,  as  we  know,  RCOOH  (where  R  is  a 
hydrocarbon  group,  and  where  carboxyl  may  repeat  itself  several  times 
by  replacing  the  hydrogen  of  hydrocarbon  compounds),  are  converted 
into  their  chloranhydrides,  RCOCl.  With  water  they  again  form  the 
acid,  and  resemble  the  chloranhydrides  of  mineral  acids  in  their 
general  properties. 

As  carbonic  acid,  C0(0H)2,  contains  two  hydroxy  1  groups,  therefore 
its  perfect  chloranhydiide,  COCI2,  carbonic  oxychloride ,  carbonyl 
chloride,  or  phosgene  gas,  contains  two  atoms  of  chlorine,  and  differs 
from  the  chloranhydrides  of  organic  acids  in  that  in  them  one  atom  of 
chlorine  is  replaced  by  the  hydrocarbon  radicle  RCOCl,  if  R  is  a 
monatomic  radicle  giving  a  hydrocarbon  RH.  It  is  evident,  on  the 
one  hand,  that  in  RCOCl  the  hydrogen  is  replaced  by  the  radicle 
COCl,  which  is  also  able  to  replace  several  atoms  of  hydrogen  (for 
example,  C2H4(C0C1)2  corresponds  with  the  bibasic  succinic  acid)  ; 
and,  on  the  other  hand,  that  the  reactions  of  the  chloranhydrides  of 
organic  acids  will  answer  to  the  reactions  of  carbonyl  chloride,  as  the 
reactions  of  the  acids  themselves  answer  to  carbonic  acid.     Carbonyl 

*®  Phosphorus  oxychloride  is  obtained  by  the  action  of  phosphorio  chloride  on 
hydrates  of  acids  (because  alkalis  decompose  phosphorus  oxycliloride),  aocording  to  the 
equation  PCls  +  RHO-POCls  +  RCl  +  HCl,  where  RHO  is  an  acid.  The  reaction  only 
proceeds  according  to  this  equation  with  monobasic  acids,  but  then  RCl  is  volatile,  and 
therefore  a  mixture  is  obtained  of  two  volatile  substances,  the  acid  chloride  and  phos- 
phorus oxychloride,  which  are  sometimes  difficult  to  separate ;  whilst  if  the  hydrate 
be  polybasic  the  reaction  frequently  proceeds  so  that  an  anhydride  is  formed: 
RHo02  +  PCl5  =  RO  +  POCl5+2HGl.  U  the  anhydride  is  non-volatile  (like  boric),  or 
easily  decom|>osed  ^\ke  oxahc),  then  it  is  easy  to  obtain  pure  oxychloride.  Thns  phos- 
phorus oxychloride  is  often  prepared  by  acting  on  boric  or  oxalic  acid  with  phosphoric 
chloride.  It  is  also  formed  when  tlie  vapour  of  phosphoric  chloride  is  i>as8ed  over 
phosphoric  anhydride,  P.2O5  +  SPClj*  5POCI3.  This  forms  an  excellent  example  in  proof 
of  the  fact  that  the  formation  of  one  substance  from  two  does  not  necesBoiily  show  that 
tlie  resultant  compound  contains  the  molecules  of  these  substances  in  its  molecule.  But 
other  oxychlorides  of  phosphorus  are  also  formed  by  the  interaction  oi  phosphoric  anhy- 
dride and  chloride ;  thus  at  200°  the  chloronhydride,  POoCIj  or  chloranhydride  of  metor 
phosphoric  acid,  is  formed. 
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chloride  is  obtnined  dirECtly  from  dry  trnrbon  monoxide  and  chlorine" 
expoaej  to  the  action  of  light,  and  fonna  a  colourlesa  gas,  which  easily 
condenses  into  a  liquid,  boiling  at  +8°,  sp.  gr.  1'43,  and  having  the 
EuSbcating  odour  proper  to  itll  cbloniiihydrides.  Like  nil  chlor- 
ftuLydridea,  it  is  immediately  decomposed  by  water,  forming  carbonic 
anhydride,  according  to  the  equation  C0Clj  +  H,O=C05  +  2HCl,  and 
thus  espresses  the  type  proper  to  all  chloranhydridea  of  both  mineral 
and  organic  acids.-" 

In  order  to  show  the  general  method  for  the  preparation  of  acid 
chlomohydrides,  we  will  take  that  of  acetic  acid,  CHj-COOH,  as  an  ex- 
ample. Phosphorus  pentachloride  is  placed  in  a  glass  retort,  and  acetic 
ttcid  poured  over  it  ;  hydrochloric  acid  is  then  evolved,  and  the  sub- 
stance distilling  over  directly  after  is  a  very  volatile  liquid,  boiling  at  50°, 
Rnd  having  all  the  properties  of  the  chloranhyd rides.  With  water  it 
forms  hydrochloric  and  acetic  acids.  The  reaction  here  taking  place 
may  be  explained  thus  -.  the  substitution  of  the  osygen  taken  from  the 

"  The  direct  action  dI  thesDD'Bn7B,Dr  of  magnegiuni  light,  ii  DBcHSBary  to  stut  the 
reaction  betiresn  carbomo  onide  uad  cblocine,  Ital  vbtn  once  stalled  it  nil!  proceed 
rnpidl;  in  diflnaed  light.  An  eiceaa  of  cbSorise  (vhicli  giveg  its  colontion  to  the 
colourlena  phosgeoe)  aids  the  campletion  of  the  reuctlon,  uid  mft;  nlterwarda  be  removed 
hj  inet*Uii;  uitimoDy,  Parout  subetaiicee,  like  Dhucoal,  ud  the  leu'tign.  Phosgene 
Uw;  be  prepared  by  paaiins  a  miituie  of  coibonLc  anhydride  and  ehlorine  over  ineoii- 
descent  ciianxial.  Lead  or  bUvot  chloride,  when  heated  in  a  current  o(  carbonic  oxide, 
alHD  iinrtiull;  form  plioagene  gaa.  Carbon  tetiachlolide,  CClj,  also  lormBit  when  heated 
with  curbonic  anliydride  (at  «00°|,vithpliniiphoria  anbjdride  {301)°),  and  most  esaily  ot  all 
with  ■nlphnricanhjdride(aSOs-t-CCt,^COCIg  +  8,OiCl„tbiaiBpyioan]phurjl  chloride). 
Chhwofonn,  CHClj,  is  converted  into  carbonyl  chloride  when  heated  «i^  90j(0H)Cl 
(the  first  ehlnranhydride  of  aulphurio  acid);  CHClj-tSOsHCUCOCli  +  SOa+BHCl 
(Dewar),  and  when  oxidiKd  by  chromic  acid. 

Among  the  reaolioDS  ol  pboagene  we  may  mention  the  lonnntion  of  nrea  (Vol.  I.  p. 
S91J  with  anunonia,  and  of  carbonic  oiide  when  beat«d  with  inetale, 

■*  Among  the  cbioranbydridea  of  the  inorKaiiie  acids  we  bhall  deicribe  some  which 
corrsspoiid  with  aulphoriu  acid  in  the  follottinii;  chapter ;  and  here  we  will  mention  that 
when  hydrochloric  aetii  oa  nitric  acid  [w)Ua  r«|{ia,  Vol.  I.  p.  Ifil)  there  ie  formed,  heiides 
chlorine,  Ike  oiychlorideB  XOCI  and  NU^jCl,  whicb  may  be  regarded  sb  chloranhydcidee 
ef  nitric  and  uitrona  acids  (nitrogen  ctiloridu.  Vol.  I,  p.  ITO).  The  lonoer  boilB  at  — S°, 
the  tatler  at  +  3°,  the  Bpeclfic  gravity  of  tbe  Hrat  at  -lU°^l'<ia.  and  at  -1S''-1-48S 
((iealbert,  and  of  tke  aecond  "  I'S ;  tbe  first  is  obtained  born  nitric  oxide  and  chlorine, 
the  eemnd  from  nitric  peroxide  and  chlorine,  and  nlao  by  the  action  of  phosphoric  chlo- 
ride on  nltnc  acid.  If  tbe  gssei  evolved  by  atjua.  rugia  be  passed  into  cold  and  itrong 
»ol[*imc  acid,  *ey  totm  ctystals  of  the  composition  NHSOj  (like  chaniber  cryslolal, 
which  melt  at  M',  nod  with  sodiam  chloride  form  acid  Midiom  Hulphule  and  the  nxy- 
^orlde  NOCl.    This  ehloranbjdride  of  nitricncid  ia  termed  nilroiyl  chlaridt. 

Cfaiogen  chlorida,  CNCI,  is  the  gaseous  ihloranhydride  of  cyanic  acid ;  it  is  fonaed 
bj  the  aotinn  of  chlorine  on  aqneoas  mercury  cyanide,  Hg(CN)j  +  aCl,=HgCI,  +  3C!JCI. 
Whtn  chlorine  acts  nn  cyaoio  acid,  it  forma  not  enl^  thii  cyanogen  chloride,  bat  alio  poly. 
nafidM  of  it— a  liqnid  one,  bailing  at  IS'',  and  a  solid  one,  boiling  at  100°.  The  latter 
eorriapnntlfl  with  cyannric  add,  and  oonBeqiienily  contains  C^NsCl,.  Details  concern- 
ing theae  fiabstancei  most  be  looked  for  in  works  on  orgonii;  chemistry. 
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acetic  acid  (from  its  carboxyl)  by  two  atoms  of  chlorine  from  the 
PCI5  should  be  as  follows :  CH3COOH  +  PCl,=CH3COHCl2+POCl3. 
But  the  compound  CH3-COHC12  does  not  exist  in  a  free  state  (because 
it  would  indicate  the  possibility  of  the  formation  of  compounds  of 
the  type  CX^,  and  carbon  only  gives  those  of  the  type  CX4) ;  it 
therefore  splits  up  into  HCl  and  the  chloranhydride  CHg'COCL  The 
general  scheme  for  the  reaction  of  phosphorus  pentachloride  with 
hydrates  ROH  is  exactly  the  same  as  with  water ;  namely,  ROH  with 
PCI.,  gives  POCI3  f  HCl +  RC1— that  is  a  chloran hydride. ^^b 

Containing,  as  they  do,  chlorine,  which  easily  reacts  with  hydrogen, 
phosphorus    pentachloride,    trichloride,   and    oxychloride  enter    into 

^^  The  samo  phenomenon  takes  place  in  the  reaction  of  phosphorus  pentachloride 
with  water,  H.^,  and  other  hydrates,  RHO  :  R(OH)  +  PCl5  =  RCl  +  HCl  +  POCl5.  This 
reaction  indeed  proceeds  very  easily  and  cleanly  with  a  number  of  hydroxides,  if  they  do 
not  react  on  hydrochloric  acid  and  phosphorus  oxychloride,  which  is  the  case  when  they 
have  alkaline  properties.  "When  the  hydroxide  is  taken  in  excess,  it  not  unfrequently 
happens  that  the  elements  of  water  are  taken  up :  R(0H)2  +  PCU  =  RO  +  2HC1  +  POCI3. 
The  phosphorus  pentachloride  and  the  anhydride  RO  may  then  be  converted  into 
chloranhydride,  RO  +  PCl5=RCl2  +  POCl5— that  is,  it  aids  tlie  substitution  of  O  by  CI,. 
Thus  carbonyl  chloride.  COCl-j,  boron  chloride,  2BCI3,  and  succinic  chloride,  C4H4O2CI2, 
&c.,  are  respectively  obtained  by  the  action  of  phosphoric  chloride  on  carbonic,  boric,  and 
succinic  anhydrides.  Phosphorus  pentachloride  reacts  in  a  similar  manner  on  the 
aldehydes,  RCHO,  forming  RCHCI.2,  and  on  the  chloranhydrides  themselves — for 
example,  with  acetic  chloride,  CH^'COCl  (when  heated  in  a  closed  tube),  it  forms  a  sub- 
stance having  the  composition  CHs'CCls.  Similar  chlorine  products  are  formed  together 
with  phosphorus  oxychloride,  but  they  are  often  easily  separated  from  it. 

Phosphorus  trichloride  and  oxychloride  act  ia  a  similar  manner  to  phosphoric 
chloride.  When  phosphorus  trichloride  acts  on  an  acid,  then  8RH0  +  PCI3  = 
8RC1  +  P(H0)3.  If  a  salt  is  taken,  then  by  the  action  of  phosphorus  oxychloride,  a  cor- 
resx)onding  chloranhydride  and  salt  of  orthophosphoric  acid  axe  easily  formed: 
8R(KO)  +  POCl3-8RCl  +  PO(KO)5.  The  chloranhydride  RCl  is  always  more  volatile 
than  its  corresponding  acid,  and  distils  over  before  the  hydrate  RHO.  Thu^  acetic  acid 
boils  at  117°,  and  its  chloranhydride  at  50°.  Phosphoric  and  phosphorous  acids  are  very 
slightly  volatile,  whilst  their  chloranhydrides  are  comparatively  easily  converted  into 
vapour.  The  faculty  of  the  chloranhydrides  to  react  at  the  expense  of  their  own  chlorine 
determines  their  great  importance  in  chemistry.  For  instance,  suppose  we  require  to 
know  the  molecular  formula  of  some  hydrate  which  does  not  pass  into  a  state  of  vapour 
and  does  not  give  a  chloranhydride  with  hydrochloric  acid — that  is,  which  has  not  any 
basic  or  alkaline  properties ;  we  must  then  endeavour  to'  obtain  this  chloranhydride  by 
means  of  phosphoric  chloride,  and  it  frequently  happens  that  the  corresponding  chloranhy- 
dride is  volatile.  The  resultant  chloranhydride  is  then  converted  into  vapour,  and  its 
composition  is  determined ;  and  if  we  know  its  composition  we  are  able  to  judge  that  of 
its  corresi>onding  hydrate.  So,  for  example,  from  the  formula  of  silicon  chloride,  SiCli, 
or  of  boron  chloride,  BCI3,  we  can  judge  the  composition  of  their  corresponding  hydrates, 
Si(H0)4,  B(H0)3.  Having  obtained  the  chloranhydride  RCl  or  RCIh,  it  is  possible  by  its 
means  to  obtain  many  other  compounds  of  the  same  radicle  R  according  to  the  equation 
MX  +  RCl  =  MCI  +  RX.  M  may  be  =  H,  K,  Ag,  or  other  metals.  The  reaction  proceeds 
thus  if  M  forms  a  stable  compound  with  chlorine — for  example,  silver  chloride,  hydro- 
chloric acid,  and  R,  an  unstable  substance.  Therefore,  a  chloranhydride  is  frequently 
employed  for  the  formation  of  other  compounds  of  a  given  radicle  ;  for  instance,  with 
ammonia  they  form  amides  RNH3,  and  with  salts  ROE  anhydrides  R^O,  &c. 
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reaction  with  ammonia,  and  give  a  series  of  amide  and  nitrile  com- 
pounds of  phospliorus.  Thus,  for  example,  when  ammonia  acta  on  the 
oxychloride  we  obtain  sal-ammoniac  (which  in  afterwards  removed  liy 
water)  and  an  ortliophosphoric  triamide,  P0(NHa)3,  as  a  white  in- 
soluble powder  on  which  dilute  acids  and  alkalis  do  not  act,  but  which, 
when  fused  with  potassium  hydroxide,  gives  potassium  phosphate  and 
I  like  other  amides.  "When  ignited,  the  triamide  disengages 
md  forms  the  nitrile  POX,  just  as  urea,  CO{NH,)„  dis- 
engages  ammonia  and  forms  the  nitrile  CON  H.  This  nitrile,  called 
uiono/jlioipliamide,  PON,  naturally  corresponds  with  metaphosphorio 
acid,  namely,  with  its  ammonium  salt.  NH,P0j-H,O=P0,NH„ 
nil  as  yet  unknown  amide,  and  PO/NH,— HjO  gives  the  nitrile  PON. 
This  relation  is  confirmed  by  the  fact  that  Pl-)S,  moistened  with  water, 
^ves  metaphosphoric  acid  wlien  ignited.  It  is  the  analojfue  of  nitrous 
oside,  NON.  It  ia  a  very  stable  compound,  more  so  than  the 
preceding.''-' 

**  The  reution  ol  unmonia  on  phoBphoniB  pentulilnridc  ie  morD  complex  thui  liia 
precvdiug-  Thit  ii  rewli)j  uDiJecBtood :  to  the  oxycMondc.  POCl],  \berf  cH)rTe«pondB  • 
tydnlB  POIOHlr..  md  n  Bolt  PO(NHjO)„  lujd  cnnsequeDtly  nlso  ui  smidB  PO(NH,|j. 
wIiilEt  the  penUf  blonde,  PClj,  has  no  oorrespondinithydml*  P(OH),,  uid  thereton  tbera 
»  no  unide  PiNH,),.  The  reution  ?rith  unmoaU  sill  be  ol  two  kinds:  either  inatud 
«f  5  mol.  SH,v  only  8  rool.  XHj  ot  still  leas  ftcts ;  i.e^  PCl,(NHj)i,  PClj(Na,J,  &c.. 
•re  (onoed,  or  elu  the  penCachloHde  actB  like  a  niiitiire  of  chlorine  with  the  tricbioride. 
■Di]  then  as  (he  rosalt  there  are  obtained  the  prodacls  o[  (he  action  at  chlorine  on  tbow 
•mide*  wUieli  lire  (onued  bom  pbogphorai  trichloride  and  kromoBia.  IL  would  appear 
that  both  kicda  of  reaction  proceed  aimaltiineoDBly,  bat  bath  kinds  ot  products  are 
nnitablc,  at  all  erente  complex,  and  in  the  legolt  Ihere  is  obtained  a  mixture  contuning 
W-amOKHiiac,  &C.  The  products  oI  the  Hist  kind  should  rewt  with  water,  and  we  shall 
obUia.  lor  Biample,  PC1;(NH,|, +  3330  =  8601  and  POiHOHSHs).,.  This  subitence  has 
(lot  actually  been  obtained,  but  the  comiiooiidPONHtNHj)  derived  (romit  hyeliminstion 
of  the  *lflmBnt*  of  water  is  known,  and  is  ttrnied  diphotphamidt ;  it  is,  howeTer,  mora 
protHible  that  it  is  a  nitrile  tlian  an  amide,  becaae«  amides  only  contain  the  group  NH,. 
It  i*  a  colonrlais,  atuble,  iunoluWe  powder,  whicli  [Jossibly  corre«pond»  with  pyrophos- 
idmic  acid,  mote  especially  la  when  heated  it  evokes  ammonia  and  gJTee  and  leave* 
pbesphoryl  nitride,  PON — that  is,  the  nitrile  ol  melaphoiphoric  acid.  The  ejuide  cotre- 
*|iondin8  with  the  pyrophoBphatc  P,Os(KH,0),  ahonld  be  P^OslNH,),,  audtbe  nitrileB 
I  corrrapondinelothe  latter  would  be  P.jOgN(MH,l].  P.jONgI  NH.jl.j,  and  P^NjCNH.,).  The 
ooDipositioti  of  the  Qrst  is  the  uine  as  that  of  the  above  diphosphamide.  The  third 
Jiyrophosphoric  nitrile  has  a  fonnnla  FjN^H.j,  and  this  is  the  compoaition  of  the  body 
known  ttphoipluim,  PHN,.  Indeed,  phoepham  has  been  obtained  by  heating  the  pro- 
dnota  ot  the  action  of  ammonia  on  phosphoric  chloride,  ai  on  innolnbla  and  alkaline 
powder,  which  gives  ammonia  and  phosphoric  acid  when  subjected  to  the  action  of  water. 
The  tame  substance  i>  obtained  by  the  action  ot  onunoninm  chlefide  on  phosphoric 
chloride  (PNCIg  w  Srst  formod.  and  reacts  further  with  ammonia,  forming  pbosphoiD*, 
and  by  igniting  the  man  whicb  proceeds  from  the  action  ot  ammonia  on  phosphorus  tri- 
ehJoride.  Formerly  the  composition  of  pbospham  was  supposed  lo  be  PHN,,  now  thers 
is  mson  to  think  that  iu  molecular  weight  is  P^H^'g  (see  later). 

The  above  compound*  coireepand  with  normal  Halts,  but  nitrUea  and  amides  cone- 
■fWnding  to  acid  salts  are  also  puasibte,  and  Uief  will  be  acids.     Pur  example,  the  amide 
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The  most  important  analogue  of  phosphorus  is  arsenxCj  the  metallic 
aspect  of  which  and  the  general  character  of  its  compounds  at  once  re- 
calls the  metals.  The  hydrate  of  its  highest  oxide,  arsenic  acid  (ortho- 
arsenic  acid),  H3ASO4,  is  an  oxidising  agent,  and  gives  up  a  portion 
of  its  oxygen  to  many  other  substances  ;  but,  nevertheless,  it  is  very 
like  phosphoric  acid.  Mitscherlich  established  the  conception  of  iso- 
morphism by  comparing  the  salts  of  these  acids  together.'® 

P0(H0).2(XH.>),  and  its  nitrile,  which  wUl  be  either  PX(HOV,  or  PO(HO)(NH),  but  at  all 
events  of  the  composition  PNH.2O.2,  and  having  acid  properties.  The  ammonium  salt  of 
iYds  phoaphotiitrtlic  acid  {iiis  called  phosphamic  acidi,  PNH(NH|)02}  i^  obtained  by 
the  action  of  ammonia  on  phosphoric  anhydride,  P.iO5  +  4XH3«H.2O-r-2PNH(NH4)0j. 
A  non-crystalline  soluble  mass  is  thus  formed,  which  is  dissolved  in  a  dilute  solution  of 
ammonia  and  precipitated  with  barium  chloride,  and  the  resultant  barium  salt  is  then 
decomix>sed  with  sulphuric  acid,  and  thus  a  solution  of  the  acid  of  the  above  composition 
is  obtained. 

It  is  evident  from  the  theory  of  the  formation  of  amides  and  nitriles  (Chapter  IX.) 
that  very  many  compounds  of  this  kind  can  correspond  with  the  acids  of  phosphoms; 
but  as  yet  only  a  few  are  known.    The  easy  transitions  of  the  ortho-,  meta-,  and  pyro- 
phosphoric  acids,  by  means  of  the  hydrogen  of  ammonia,  into  the  lower  acids,  and  con- 
versely, tend  to  complicate  the  study  of  this  vast  class  of  compounds,  and  it  is  rarely 
that  the  nature  of  a  product  thus  obtained  can  be  judged  from  its  composition  ;  and  this 
all  the  more  that  instances  of  isomerism  and  polymerism,  of  mixture  between  water  of 
crystallisation  and  of  constitution,  il'c,  are  here  ix>ssible.     Many  data  are  yet  wanting  in 
order  to  be  able  to  form  a  true  judgment  as  to  the  composition  and  structure  of  such 
compounds.    As  the  best  proof  of  this  we  will  describe  the  very  interesting  and  most 
fully  investigated  compound  of  this  class,  PNCL,  called  chlorophoaphamide^  or  nitrogen 
chlorophosphorite.     It   is  formed  in  small  quantities  when  the  vapour  of  phosphoric 
chloride  is  passed  over  ignited  sal-ammoniac.     It  is  clear  that  phosphorous  chloride, 
ammonia,  chlorine,  and  hydrochloric  acid  are  all  acting  in  this  case.     It  might  be  thought 
that   the   fomiation    of    PNCl.j   corresponds  with   the  simple  reaction  PClj-J-NHj"* 
3HC1  -f-  PXCl^  but  in  reality  the  reaction  is  more  comi)lex,  as  is  seen  by  the  properties  of 
the  prixluct.    The   chlorine  in  it  is  very  stable — quite  different  from  that  in  phosphoric 
chloride.     Indeed,  the  resultant  substance  is  not  only  insoluble  in  water  (but  soluble  in 
alcohol  and  ether),  but  it  is  not  moistened  by  it,  and  distils  over,  together  with  steam, 
without  being  decomposed.    In  a  free  Ktate  it  easily  crystallises  in  colourless  prisms, 
fuses  at  114^,  boils  at  250*^  (Gladstone,  "Wichelhaas),  and  when  fused  with  potash  gives 
potassium  chloride  and  the  amidonitryl  of  |)hosphoric  acid.    Judging  from  its  formula 
and  the  simplicity  of  composition  and  reactions,  it  might  be  thought  that  the  molecular 
weight  of  this  substance  would  be  expressed  by  the  formula  PCl.jX,  that  it  corresponds 
with  PON  and  with  PCI5  (like  POClj.i,  with  tlve  substitution  of  Cl^by  N,  just  as  in  POCI5 
two  of  chlorine  are  replaced  by  oxygen;  but  all  these  approximations  are  incorrect, 
because  its  vapour  density  (referred  to  hydrogen — Gladstone,    Wichelhaus)   =182 — that 
is,  the  molecular  formula  must  be  three  times  greater,  PsN^Cle.    The  ^polymerisation 
(tripling)  is  here  of  exactly  the  same  kind  as  with  the  nitriles. 

^  It  is  necessary  to  remark  that  although  arsenic  is  so  closely  analogous  to  phos- 
phorus (especially  in  the  higher  forms  of  combination,  RX-,  and  HX^),  at  the  same  time 
it  exhibits  a  certain  resemblance  and  even  isomorphism  with  the  corresponding  com- 
]>onnd8  of  sulphur  (especially  the  metallic  comi)ounds  of  the  type  MAs,  corresponding 
with  MS).  Thus  compounds  containing  metals,  arsenic,  and  sulphur  are  very  frequently 
mot  with  in  nature.  Sometimes  the  relative  amounts  of  arsenic  and  sulphur  varies,  so 
that  an  isomorphous  substitution  between  the  arsenides  and  sulphides  must  be  recog- 
nised.   Besides  ordinary  pyrites,  FeS^^,  iron  forms  an  arsenide,  FeAs-^,  and  on  arsenic&l 
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'Arsenic  occurs  in  nature,  not  only  combined  with  metals,  but  also, 
although  rarely,  native  and  also  in  combination  with  sulphur  in  two 
minerals— one  red,  realgar,  AsjSj,  and  the  other  yellow,  orjninenl, 
AsjSj,  Arsenic  occurs,  but  more  rarely,  in  the  form  of  salts  of  arsenic 
acid — for  instance,  the  so-called  cobalt  and  nickel  blooms,  two 
minerals  which  are  found  together  with  other  cobalt  ores,  are  the 
arsenates  of  these  metftls.  Arsenic  is  also  found  in  certain  clays  (ochres), 
Rtid  has  been  discovered  in  small  quantities  in  some  minernl  springs, 
but  it  is  in  general  of  rarer  occurrence  in  nature  than  phosphorus. 
Arsenic  is  most  frequently  extracted  from  arsenical  pyrites,  FeSAa, 
■which,  when  roasted  without  access  of  air,  evolves  the  vapour  of 
arsenic,  ferrous  sulphide  being  left  behind.  It  is  also  obtained  by 
lieating  arsenioUB  anhydride  with  cbai"coal.  In  which  case  carbonic 
oxide  is  evolved.  In  general,  the  osides  and  other  compounds  are  very 
easily  reduced  to  metals.  Solid  arsenic  is  a  steel-grey,  brittle  metal, 
liaving  a  bright  lustre  and  scaly  structure.  Its  sp.  gr.  is  5'T.  It 
is  opaijue  and  infusible,  but  volatilises  as  a  yellow  vapour,  which  on 
cooling  deposits  rhombohedral  crystals.  The  vapour  density  of  arsenic  is 
1  ,')0  times  greater  than  that  of  hydrogen^that  is,  its  molecule,  like  that 
of  phosphorus,  contains  4  atoms,  As,.  When  heated  in  the  air,  arsenic 
easily  oxidises  into  whit*  arsenious  anhydride,  AsjOj,  but  even  at  the 
ordinary  temperature  it  li.>sea  its  lustre  (becomes  dull),  owing  to  the 
formation  of  a  coating  of  a  lower  oside.  The  latter  appears  to  tie  as 
volatile  as  araenious  anhydride,  and  it  is  prolvtble  that  it  is  owing  to 
the  presence  of  this  compound  that  the  vapours  of  arsenious  com- 
pounds, when  heated  with  charcoal  (for  example,  in  the  reducing  dame 
of  a  blow-pipe),  have  the  characteristic  smell  of  garlic,  because  the 
vapour  of  arsenic  itself  has  not  this  odour. 

Arsenic  easily  combines  with  bromine  and  chlorine;"  nitric  acid 

pjritei  contiiiniDg  both   Bulphnr  uid  ftCMoii;,  wtiieh   from  iti  coai|ioiution>  FvAiS  or 
FeSgFeAs,,  tumbles  the  tiro  preceding. 

>'  Hydrochloric  acid  dinBolva^  uiKnioui  anliydrirle  in  cooiideraljle  qnnDtitiei,  and 
tliii  is  probnblj  oiving  lo  Lhe  foruuition  of  DnEtablo  compouuds  in  whioli  Llie  kmeniuuB 
anhydride  plajgtbe  put  of  ■  bsae.  A  compound  ctUlod  anr«i»'ou)  oryehloridf.'iivitiif 
th*  compositiou  AaDCl,  ia  even  knovn.  It  ia  formed  when  araenioaa  aulif  dnde  is  added 
liltlebTUttIa  toboQinganenic  triohloricle,  AB,0]-f  ABCIs=UAaOCl.  It  ia  a  trai»panmt 
aabitaiioe,  which  famea  in  air,  and  combine*  with  wnler  to  tonn»OTyiiUIIiiieinaB»haTiii|; 
the  aompoaitiiiti  As^(OH)4C]^  When  heated  it  dacompoaei  into  arwniDna  ctiloride  and 
a  tnah  oKjchlnride  of  a  more  oomplei  compotitinu,  AegOjClg.  Aramiic  trichloride,  when 
inated  with  a  KinaU  qnaatity  of  water,  fonua  the  rryntalline  compoand.  A>,l,HO|,Cl„ 
DUDtiDiiad  alioTe.  Theae  com|iannd*  rfsetnble  tixe  haaic  anltt  of  bismuth  and  alo. 
nuninrn.  The  eiislvnce  ot  thcae  compouiKls  ahoira  that  araenio  ia  of  a  more  metallia 
tfrlnuiooharacler  than  phoaphoma,  b«cj4u«]  phoephoma  trichloride  doea  not  fnnii  such 
uycliloridea.  Nevurthelesa  artenic  IrichloTitif,  AsCl.i,  resemblea  phoiphorna  triclilotidB 
in  manj  rcKpecla.    It  ia  ohttuned  by  the  ditocc  nctiou  ot  chlorine  on  anenic,  et  h; 
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and  aqua  regia  also  oxidise  it  into  the  higher  oxide,or  rather  its  hydrate, 
arsenic  acid.^'^     As  far  as  is  known,  it  does  not  decompose  steam,  and 

distilling  a  mixture  of  common  aalt,  salphoric  a^id,  and  araenions  anhydride.  The  latter 
mode  of  preparation  already  indicates  the  basic  properties  of  the  oxide.  Arseniolu 
chloride  is  a  colourless  oily  liquid,  boiling  at  130^,  and  having  a  sp.  gr.  of  2*20.  It  fumes 
in  air  like  other  chloranhydrides,  but  is  much  more  slowly  and  feebly  decomposed  by 
water  than  phosphorus  trichloride.  A  considerable  quantity  of  water  is  required  for  its 
perfect  decomposition  into  hydrochloric  acid  and  arsenious  anhydride.  It  forms  an  excel- 
lent example  of  the  transition  from  true  metalUc  chlorides  to  true  chloranhydrides  of  the 
acids.  It  does  not  combine  with  chlorine,  so  that  it  does  not  form  a  pentachloride,  AsCIs, 
like  phosphorus.  Arsenic  tribromide^  AsBr^,  is  formed  as  a  crystaUine  substance, 
fusing  at  20^  and  boihng  at  220^,  by  the  direct  action  of  metalUc  arsenic  on  a  solution  of 
bromine  in  carbon  bisulphide,  the  latter  being  then  evaporated.  The  specific  gravity 
of  arsenic  tribromide  is  3*86.  Crystalline  arsenic  tri-iodide,  Asl^,  having  a  sp.  gr.  4*89, 
may  be  obtained  in  a  like  manner ;  it  may  be  dissolved  in  water,  and  on  evaporation 
separates  out  from  the  solution  in  an  anhydrous  state — that  is,  it  is  not  decomposed — 
and  consequently  behaves  like  metaUic  salts.  Arsenic  irifluoride^  AsF^,  is  obtained  by 
heating  fluor  sj^ar  and  arsenious  anhydride  with  sulphuric  acid.  It  is  a  fuming,  colour- 
less, and  very  poisonous  liquid,  which  boils  at  63^  and  has  a  sp.  gr.  of  2'73.  It  is 
decomposed  by  water,  but  the  products  of  decomposition  have  not  yet  been  investigated. 
It  is  very  remarkable  that  fluorine  forms  a  pentafluoride  of  arsenic  also,  although  this 
compound  has  not  yet  been  obtained  in  a  separate  state,  but  only  in  combination  with 
potassiimi  fluoride.  This  compound,  KjAsF^j,  is  formed  as  prismatic  crystals  when 
potassium  arsenate,  KjAs04,  is  dissolved  in  hydrofluoric  acid. 

5-  Arsenic  andy  HjA804,  corresponding  with  orthophosphoric  acid,  is  formed  by 
oxidising  arsenious  anhydride  with  nitric  acid,  and  evaporating  the  resultant  solution 
until  it  attains  a  sp.  gr.  of  2*2;  on  cooling  it  separates  in  crj'stals  having  the 
above  composition.  This  hydrate  corresponds  with  the  normal  salts  of  arsenic  acid; 
but  on  dissolving  in  water  (without  heating)  and  cooling  a  strong  solution,  crystals 
containing  a  greater  amount  of  water,  namely,  (AsH504).>,H.jO,  separate.  This  water, 
like  water  of  cryHtallisation,  is  verj-  easily  expelled  at  100^.  At  120^  crystals  having  a 
composition  identical  with  that  of  pyroi)ho8phoric  acid,  A8.2H4O7,  separate,  but  water,  on 
dissolving  this  hydrate  with  the  development  of  heat,  forms  a  solution  in  no  way  differing 
from  a  solution  of  ordinary  arsenic  acid,  so  that  it  is  not  an  index)endent  pyroarsenio 
acid  that  is  formed.  Neither  is  there  any  true  analogue  of  metaphosphoric  acid,  although 
the  compound  AsHO.^  is  formed  at  200^,  and  on  solidifying  forms  amass  having  a  pearly 
lustre  and  sparingly  soluble  in  cold  water ;  but  on  commg  into  contact  with  warm  water 
it  becomes  very  hot,  and  gives  ordinarj'  ortharsenic  acid  in  solution.  Arsenic  acid  forms 
three  series  of  salts,  which  are  perfectly  analogous  to  the  three  series  of  orthophosphates. 
Thus  the  normal  salt,  KsAsO^,  is  formed  by  fusing  the  other  potassium  arsenates  with 
potassium  carbonate ;  it  is  soluble  in  water,  and  cr^'stallises  in  needles,  which  do  not 
contain  water.  Di-potassium  arsenate,  K.2HAs04,is  formed  in  solution  by  mixing 
potassiimi  carbonate  and  arsenic  acid  until  carbonic  anhydride  ceases  to  be  evolved ;  it 
does  not  crystallise,  and  has  an  alkaline  reaction ;  hence  it  corresponds  perfectly  with  the 
sodium  phosphate.  As  was  mentioned  above,  arsenic  acid  itself  acts  as  an  oxidising 
agent;  for  example,  it  is  used  in  the  manufacture  of  aniline  dyes,  for  oxidising  the 
aniline,  and  it  is  prepared  in  large  quantities  for  this  purpose.  When  sulphuretted 
hydrogen  is  passed  through  its  solution,  sulphuric  acid  and  arsenious  anhydride  are  ob- 
tained in  solution.  Arsenic  acid  is  very  easily  soluble  in  water,  and  its  solution  has  an 
exceedingly  acid  reaction,  and  when  boiled  with  hydrochloric  acid  evolves  chlorine,  like 
selenic,  chromic,  manganic,  and  certain  other  higher  metallic  acids. 

Arsenic  anhydride^  A8.2O5,  is  produced  when  arsenic  acid  is  heated  to  redness.  It 
must  be  carefully  heated,  as  at  a  bright  red  heat  it  decomposes  into  oxygen  and  arsenious 
anhydride.    Arsenic  anhydride  is  an  amorphous  substance  almost  entirely  insoluble  in 
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it  acts  exceedingly  slowly  on  those  acids,  like  hydrochloric,  which  are 
not  capable  of  oxidisinfj, 

Arseniurelled  hydrogen,  arsiiie,  AsHj,  resembles  phosphuretted 
hydrogen  in  many  respecta.  This  colourless  gas,  which  liquefies  into  a 
mobUe  liquid  at  —4^0°,  has  a  diaagreealile  garlic-like  odour,  \%  only 
slightly  soluble  in  water,  (inil  ia  exceedingly  poisonous.  Even  in  a 
small  quantity  it  causes  great  suffering,  and  ii  present  to  any  consider- 
able amount  in  air  it  even  causes  death.  The  other  compounds  ot 
arsenic  are  also  equally  poisonous,  with  the  esception  of  the  iiisoluble 
sulphur  compound  and  arsenic  acid.  Arseniu retted  hydrogen,  AsH^, 
is  obtained  by  the  action  of  water  on  the  alloy  of  arsenic  and  sodium, 
sodium  hydroxide  and  arseniuretted  hydrogen  being  formed.  It  is 
also  formed  by  the  itctioii  of  sulphuric  acid  on  the  alloy  of  arsenic  and 
zinc:  ZnjAa,  +  3H,80j=2AsHa  +  3ZnSOi."  The  oxygen  compounds 
of  arsenic  are  very  easily  reduced  by  the  action  of  hydrogen  at  the 
moment  of  its  evolution  from  acids,  and  the  reduced  arsenic  then 
combines  with  the  hydrogen  ;  therefore,  if  a  certain  amount  of  an 
oxygen  compound  of  arsenic  be  put  into  an  apparatus  containing  zinc 
and  sulphuric  acid  (and  thus  serving  for  the  evolution  of  hydrogen) 
then  the  hydrogen  evolved  will  contain  arseniuretted  hydrogen.  In 
this  case  it  is  diluted  with  a  considerable  amount  of  hydrogen.  But 
its  presence  in  the  most  minute  quantities  lOTiy  be  easily  recognised 
from  the  fact  that  it  is  easily  decomjMifed  by  heat  into  metallic  arsenic 
and  hydrogen,  and  therefore  if  such  impure  hydrogen  be  passed 
'  through  a  moderately -heated  tube  metallic  arsenic  will  be  deposited  aa 
a  bright  layer  on  the  part  of  the  tube  which  was  heated.  This  reaction 
is  so  sensitive  that  it  enables  the  most  Biiuole  traces  of  arsenic  to  be 
discovered  ;  hence  it  is  employed  in  medical  jurisprudence,  as  a  test  in 
poisoning  cases.  It  is  easy  to  discover  the  presence  of  arsenic  in 
common  zinc,  copper,  sulphuric  and  bjdruchloric  acids,  ikc,,  by  this 
method.  It  is  evident  that  in  testing  for  poison  by  JIarsb's  appa- 
ratus it  is  necessary  to  take  zinc  and  sulphuric  acid  quite  free  from 
arsenic.  The  arsenic  deposited  in  the  tube  may  be  driven  from  one 
place  to  another  in  the  current  of  hydrogen  evolved,  owing  to  its 
volatility.  This  forms  a  distinctive  feature  between  arseniurette<i  and 
antimoniuretted  hydrogen,  which  is  decomposed  by  heat  in  Just  the 
earns  way  as  arseniuretted  hydrogen. 

w»tor,  but  it  Bllrnqti  mnUtnie  troin  tlie  air,  deliqneaoos,  »nd  puseB  iiiln  the  sMid.     Hoi 
•■ler  pnxlacei  tbi>  IranBfomiilioD  with  great  ease. 

•*  The  forni*lion  of  araaniurelled  hydrogen  is  Mpompmied  bj  the  «bsoriil.ion  ot  37000 
best  unit*,  while  phoiphine  evolvea  ISOOO  (Ogier),  and  unmonia  3T(HI0,  tiinliiuu  (U'fl  p.e.) 
ftnulgitni,  with  a  strong  solution  ol  AsjOj,  gives  a.  gu  containing  60  toIs.  of  (trsenic  snd 
1  ToU.  of  hydrogen  (Cavaiii), 
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If  hydrogen  contains  arseniuretted  hydrogen  it  also  gives  metallic 
arsenic  when  it  bums,  because  in  the  reducing  flame  of  hydrogen  the 
oxygen  attracted  combines  entirely  with  thfe  hydrogen  and  not  with 
the  arsenic,  so  that  if  a  cold  object,  such  as  a  piece  of  china,  be  held  in 


Fig.  84.— Formation  and  decomposition  of  arseninretted  hydrogen.  Hydrosren  is  ero'ved  in  the 
Woulfe'B  bottle,  and  when  the  gas  comes  off,  a  solution  containing:  arsenic  is  poured  throngh  the 
funnel.  The  presence  of  AsH^  is  recofmised  from  the  deposition  of  a  mirror  of  arsenic  when  the 
fras-conductinf;  tube  is  heated.  If  the  escaping  hydrogen  be  lighted,  and  a  porcelain  dish  be  heM 
in  the  flame,  then  a  patch  of  amenic  h  deposited  on  it.  The  gas  is  drie<1  by  passing  thronirh  the 
tube  containing  calcium  chloride.  This  apparatus  is  used  for  the  detection  of  arsenic  by  Marsh'a 
test. 

the  hydrogen  j9ame  the  arsenic  will  be  deposited  upon  it  as  a  metallic 
spot.^ 

The  most  common  compound  of  arsenic  is  the  solid  and  volatile 
araenious  anhydride,  AsjO.,,  which  corresponds  with  phosphorous  and 
nitrous  anhydrides.     This  very  poisonous,  colourless,  and  sweet  tasting 

5*  This  spot,  or  the  metallic  ring  which  is  deposited  on  the  heated  tube,  may  easily  be 
tested  as  to  whether  it  is  really  dae  to  arsenic  or  proceeds  from  some  other  substance 
reduced  in  the  hydrogen  flame — for  instance,  carbon  or  antimony.  The  necessity  for  dis- 
tinguishing arsenic  from  antimony  is  all  the  more  frequently  encountered  in  medical 
jurisprudence,  from  the  fact  that  preparations  of  antimony  are  very  frequently  used  as 
medicine,  and  antimony  behaves  in  the  hydrogen  apparatus  just  like  arsenic,  and  there- 
fore in  making  an  investigation  for  poisoning  by  arsenic  it  is  easy  to  mistake  it  for 
antimony.  The  best  method  to  distinguish  between  the  metallic  spots  of  arsenic  and 
antimony  is  to  test  them  with  a  solution  of  sodium  hypochlorite,  free  from  chlorine,  be- 
cause this  will  dissolve  arsenic  and  not  antimonv.  Such  a  solution  is  easily  obtained  by 
the  double  decomposition  of  solutions  of  sodium  carbonate  and  bleaching  powder.  A 
solution  of  potassium  chlorate  acts  in  the  same  manner,  only  more  slowly.  Further 
particulars  must  be  looked  for  in  analytical  w-»rks. 

Arseninretted  hydrogen,  like  phosphuretted  hydrogen,  is  only  slightly  soluble  in  water, 
and  has  no  alkaline  proi>ertie8 — that  is,  it  does  not  combine  with  acids,  and  acts  as  a 
reducing  agent.  When  passed  into  a  solution  of  silver  nitrate  it  gives  a  blackish  brown 
precipitate  of  metallic  silver,  the  arsenic  being  oxidised.  In  acting  on  copper  sulphato 
and  similar  ssdts,  arseninretted  hydrogen  sometimes  forms  arsenides — 1.«.,  it  reduces  the 
metallic  salt  with  its  hydrogen,  and  is  itself  reduced  to  arsenic.  Sulphuric,  and  even 
hydrochloric,  acid  reduces  arseninretted  hydrogen  to  arsenic,  and  it'  is  still  more  easily 
decomposed  by  arsenious  chloride,  and  with  phosphorous  chloride  it  gives  the  compound 
PAs.  Arseninretted  hydrogen  gives  metallic  arsenic  with  an  acid  solution  of  arsenious 
anhydride. 
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BuKstancB  is  generally  known  under  the  name  of  arsenic,  or  leliite 
arsenic.  The  corresponding  hydrate  is  as  yet  unknown,  although  the 
anhydride  is  soluble  in  water  ;  but  its  solutions,  when  heated,  yield 
crystals  of  arsenious  anhydride.  It  is  mainly  prepared  for  the  dyer, 
and  as  a  means  for  poisoning  vermin,  sometimes  in  medicine,  and  also  as 
a  means  for  the  preparation  of  all  other  compounds  of  arsenic.  It  is 
obtained  as  a  bye  product  in  roasting  cobalt  and  other  ores  contdining 
arsenic.  Arsenical  pyrites  are  sometimes  purposely  roasted  for  the 
extraction  of  arsenious  anhydride.  When  arsenical  oi-es  are  burnt  in 
the  air  the  sulphur  and  arsenic  are  converted  into  the  oxides  AsjOj 
and  SOj.  The  former  is  a  solid  at  the  ordinary  tempei-attire,  and  the 
latter  gaseous,  and  therefore  the  arsetiious  anhydride  is  deposited  as  a 
sublimate  in  the  cooler  portion  of  the  flues  through  which  the  vapour* 
escape  from  the  furnace.  It  collects  in  condensing  chambers  espe- 
cially constructed  in  the  flues.  The  deposit  is  collected,  and  after 
being  distilled  gives  arsenious  anhydride  in  the  form  of  a  \-itreous  non- 
crystalline mass.  This  is  one  of  the  varieties  of  ai-senious  anhydride, 
which  is  also  known  in  two  crystalline  forms.  When  sublimed^i.if,, 
when  it  rapidly  passes  from  the  state  of  vapour  to  the  solid  state— it 
appears  in  the  regular  system  in  the  form  of  octahedra.'''  Il  is 
obtained  in  the  same  form  when  it  is  crystallised  from  acid  solutions. 
Tlie  sp,  gr.  of  the  crystals  is  3'7.  The  otlier  crystalline  form  (in  prisms) 
belongs  to  the  rhombohedral  system,  and  is  also  formed  by  sub- 
limation, when  the  crystals  are  deposited  on  a  heated  surface,  or  when 
it  is  crystallieed  from  alkaline  solutions,'^ 

''  According  to  Hitgcherlich's  determirm tion.  tbe  v&pour  density  of  arsemoas  uihydride 
il  t!IWH»l)~t1i*tiii,itui>wer«lothemoleciilBr  fonnulu  A>,Oe.  Probably  this  i«  can - 
useLed  rrith  the  tiut  tlut  the  molecale  of  free  araenio  cant«inB  As,.  Ueyer  and  Bilii, 
hoffever,  showed  (1889)  thatatn  l*nipcratnreof  ahontlTM"  the  vapour  denailj  of  arseoio 
corresponds  with  the  mohwule  As,,  and  not  AB4,  as  at  lower  teinperatores. 

"  Anenious  anhydridn  is  obtained  in  an  amoriihoaa  form  after  prolonged  heating  at  a 
temperature  near  to  that  at  which  it  rolatiliHeia.  or,  atill  better,  by  heating  it  in  a  closed 
lEBiel.  U  then  fuma  to  a  co1onrlei<B  liquid,  which  on  moling  fomiB  a  transparent  i-itreoiu 
mBAs.  whose  specific  Kravity  is  almost  the  aame  ae  that  of  the  ciynlalline  anhydride 
(slightly  less).  On  cooling,  this  viImoub  tbiub  undergoes  an  internal  Tariation.  in  which 
it  crystallises  and  becomes  opaque,  and  accgnires  the  appearance  of  porcelain.  The 
following diflerence  between  the  Titreous  and  opaqne  Tarieties  is  very  remarkable:  when 
the  litreoas  Tariaty  ia  diasolved  in  strong  and  hot  hydrochloric  acid  it  gives  crystals  of 
tht  anhydride  on  cooIinfE,  and  this  ia  accompanied  bjf  the  entitrion  0/  tight  Iwhich  is 
Tistble  in  the  dark),  and  the  entire  liigoid  glows  as  Ihe  crystals  begin  to  separate.  The 
opaqne  variety  does  not  emit  light  wben  the  crystals  separate  From  its  hydrochlorie  ifid 
■olntion.  It  is  also  remarkable  thiLl  l3ie  vit^vous  variety  passes  into  the  opaque  form 
when  it  is  pounded — that  is,  nnder  the  nctionol  a  aeries  of  blows.  Thus,  several  rarietiBs 
of  araenious  anhydride  are  known,  but  as  yet  they  sre  not  cliacacterisad  by  any  speoial 
olinnic^l  dittinetione,  anil  even  differ  but  little  in  their  apecifie  gravities,  and  therefore  it 
canatit  be  aaid  that  the  above  differences  are  due  to  any  isomeric  trannformBtionB — ^Ihal 
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Solutions  of  arsenions  anhydride  have  a  sweet  metallic  taste,  and 
give  a  ffMe  acid  reaction.  Its  solubility  increases  with  the  ad- 
mixture of  aoids  and  alkalis.  This  shows  the  property  of  arsenions 
anhydride  of  forming  salts  with  acids  and  alkalis.  And,  in  fact, 
compounds  of  it  with  hydrochloric  acid  and  with  the  alkali  oxides  are 
known.''  If  silver  nitrate  be  added  to  a  solution  of  arsenious  an- 
hydride, it  does  not  give  any  precipitate  unless  a  certain  amount  of  the 
arsenious  anhydride  is  saturated  with  an  alkali — for  instance,  ammo- 
nia. It  then  gives  a  precipitate  of  silver  arsenite.  Ag^AsOg.  This  is 
yellow,  soluble  in  an  excess  of  ammonia,  and  anhydrous  ;  it  distinctly 
shows  that  arsenious  acid  is  tribasic,  and  that  it  differs  in  this  respect 
from  phosphorous  acid,  in  which  only  two  atoms  of  hydrogen  can  be  re- 
placed by  metals.^^  The  feeble  acid  character  of  arsenious  anhydride  is 

lA.  to  a  replacement  of  the  atoms  in  the  molecule — bnt  probably  only  depend  on  a  differ- 
ence in  the  distribaticn  of  the  molecules,  or.  in  otlier  terms,  are  phvaical  and  not  chemical 
variations.  One  part  of  the  vitreons  anhydride  re<)nires  twelve  parts  of  boiling  water 
for  its  solntion,  or  twenty-five  parts  at  the  ordinar>*  temperature.  The  opaque  variety  is 
less  soluble,  and  at  the  ordinary  temperature  requires  about  seventy  parts  of  water  for  ita 
solution. 

^'  Arsenious  anhydride  does  not  oxidise  in  air,  either  in  a  dry  state  or  in  solution,  but 
in  the  presence  of  alkalis  it  absorbs  oxygen  from  the  air.  and  acts  as  an  excellent  reducing 
agent.  This  probably  is  connected  with  the  fact  that  arsenic  acid  is  much  more  energetic 
than  arsenions  acid,  and  that  it  is  arsenic  acid  which  is  formed  by  the  oxidation  of  the 
latter  in  the  presence  of  alkalis.  Arsenions  anhydride  is  easily  reduced  to  arsenic  by 
many  metals,  even  by  copper. 

^  The  feeble  acid  properties  of  arsenious  anhydride  are  seen  from  the  fact  that  if  it 
b?  dissolved  in  ammonia  water,  and  then  a  still  strt>nger  solution  of  ammonia  be  added, 
prismatic  crybtaU  separate,  having  the  composition  of  ammonium  metarsenite,  NH4ASQ3. 
This  ammonium  salt  deliquesces  in  air,  and  loses  all  its  ammonia.  The  magnesium  salt 
is  tri-metallic,  MgsiAsO,-;)^;  it  is  insoluble  in  water,  and  is  forraetl  by  mixing  an  ammo-  . 
niacal  solution  of  arsenious  anhydride  with  an  ammonioal  siUution  of  a  magnesium  salt 
It  is  insoluble  even  in  ammonia,  although  it  dissolves  in  an  excess  of  acids.  Magne- 
sium hydroxide  gives  the  same  salt  with  arsenious  solutions,  and  hence  magnesia  is 
one  of  the  best  antidotes  against  arsenic  poisi>ning.  The  arsenites  of  eopjter  are  much 
used  in  the  manufacture  of  dyes,  and  more  esiK^ially  of  pigments.  They  are  dist  inguished 
by  their  insolubility  in  water  and  by  their  remarkably  rivid  green  colour,  but  at  the  same 
time  by  their  iwisonous  character.  Not  only  do  such  i)iguients  applied  to  wall  papers  or 
materials  easily  dust  off  from  them,  but  they  give  exhalations  containing  arsenic.  The 
cupric  salts,  CuX;,  when  mixed  with  an  alkaline  solution  of  arsenious  acid,  give  a  green 
precipitate  of  a  copper  salt  calle<l  Scherle's  green.  Its  composition  is  probably  CuHAsO,^. 
Ammonia  dissolves  it,  and  gives  a  colourless  6t)lution,  containing  cuprous  arsenate— tliat 
-  is,  the  cupric  comjwund  is  reduced  and  the  arsenic  subjected  to  a  further  oxidisation. 
The  so-called  Srhwein/urt  green  was  still  more  used,  es{>eci}illy  in  former  times;  it  is 
also  an  insoluble  green  cupric  salt,  which  reseuibles  the  precwling  in  many  resj^ects,  but 
has  a  different  tint.  It  is  prepared  by  mixing  boiling  solutitms  of  arsenious  acid  and 
cupric  acetate.  Arsenious  acid  forms  an  insoluble  compound  with  ferric  hydroxide,  re- 
sembling the  phosphate ;  and  this  is  the  reason  why  frebhly-preci[>iiaU.'d  oxide  of  iron  is 
employetl  as  an  antidote  for  arucnic.  The  freslily-precipiuted  oxide  of  iron,  taken  im- 
ine<iiately  after  jwisoning  by  arsenic,  converts  the  arsenious  aeid  into  an  insoluble  state, 
and  forms  a  con)i>ound  on  which  the  acids  of  t.he  stomach  have  no  action,  and  therefore 
the  poisoning  cannot  proceed.    It  must  be  furtlier  observed  that  arsenic  is  poisonous 
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coiitinnecl  by  tlie  formation  of  saline  compounds  'K'ith  acids.  In  this 
r<!spect  the  most  remark[ible  example  is  the  anhydrous  compound 
witli  sulphuiic  acid,  Rud  having  the  i^ompoBilion  AsjOj,SO:,.  It  is 
fonued  in  tbe  roasiiny  of  arsenical  pycltes  in  those  spaces  where  the 
arsenioiis  anhydride  condenses,  and  this  is  the  more  remarknlile  as 
sulphurous  anhydride  ia  converted  into  sulphuric  anhydride,  8O3,  at 
the  expense  of  the  oxygen  of  the  air  in  the  process,  which  would 
stem  to  l>ea  consequence  of  the  ch<racterof  arsenious  anhydride.  The 
compound  in  question  forms  colourless  tabular  crystals,  which  are  de- 
c'lmposed  by  water,  with  fonnntioii  of  sulphuric  acid  and  areenioua 
anhydride.     Compounds  of  Ai^O,,  with  1,  3,  4,  and  8  SOj  are  known. 

Anlimony  (stibium),  Sb=130,^'-'ia  another  analogue  of  phosphorus. 
In  its  external  appearance  and  the  properties  of  its  compounds  it  re- 
sembles the  metals  still  more  closely  thrin  arsenic.  In  fact,  antimony 
has  the  appearance,  lustre,  and  many  of  the  characteristic  properties  of 
the  metals.  Ics  oxide,  SbjO  ,  already  shows  the  earthy  appearance  of 
rust  or  of  lime,and  has  distinctly  basicproperties,  although  it  corresponds 
with  nitrous  and  phosphorous  anhydride,  and  is  able,  like  them,  to  give  ' 
saline  compounds  with  bases.  At  the  same  time,  antimony  presents,  in 
the  majority  of  its  compounds,  an  entire  analogy  witli  phosphorus  and 
arsenic.  Its  compounds  belong  to  the  type,  SbXj  anil  SbXj.  It  ia 
found  in  nature,  chiefly  in  the  form  of  sulphide,  Sb^Sj.  This  substance 
sometimes  occurs  in  large  masses  in  mineral  veins,  and  is  known  in 
mineralogy  under  the  name  of  antimi^ny  glance,  or  Hibnite,  and  in  trade  as 
emtimonij.  Besides  which  antimony  partially  or  totally  replaces  arsenic 
In  some  minerals  ;  thus,  for  example,  a,  compound  of  antimony  sulphide 
knd  arsenic  sulphide  with  silver  sulphide  is  found  in  red  silver  ore. 
But  ill  every  case  antimony  is  a  rattier  rare  metal  found  in  few 
localities.  It  is  extracted  chtetly  for  the  preparation  of  alloys  with  lead 
Slid  tin,  which  are  used  for  casting  printing  typa.  Some  of  its  com- 
pounds are  also  used  in  medicine,  the  most  important  in  this  respect 
being  antimony  pen tasulp hide,  Sb,S,  {sulfur  auralum  antimonii),  and 
tArtur  emetic,  which  is  a.  double  salt  derived  from  tartaric  acid  and  has 
Uie  composition,  UjH,K(SbO)06.  Even  the  native  antimony  sulphide  ia 

•Ten  in  \t<rt  smivll  qanntitiea—BaTeral  cenligrn'ntavB.  It  ia  all  I'le  more  reitiuk  ilile 
tbal  the  inhtbitiuil*  ol  cetMin  monnUinoai  MUUtrlta  MKruatom  thiinuelvEB  to  tiJdDg 
SMcnic,  M  n  raEUii  whicli,  fram  Ibeir  eipecienos.  he'pi  to  ovorcomi!  tlie  futigop  of  moun- 
tkia  UMaU.  ArHsniou*  kiihydride  uid  cer:<iii  of  its  nits  uv  also  Dwd  in  medicine. 
VbYr  BttanMif  iii  sni«tl  qii»iiHtie«.  When  t.iken  intemnllj  ureeoio  paawB  iiita  the 
blood,  and  it  uninlj  excreted  bj  the  nrine,  in  which  it  in*y  be  reeoiniBeil  (or  some  length 
.gf  Una  after  jl  bu*  been  tiken.  if  the  AWnnnt  of  utnuic  liken  him  not  produced  thoM 
InlbmmMorj  lymptoms  vhioh  form  the  main  canw  of  duiith  from  arsunic  puimming  as 
htm  other  limilar  mineral  poiBOiii). 

»•  Tbii  itomiy  wrjigbt  was  Jpterraincd  hy  Cooke. 
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used  in  large  quantities  as  a  p  argative  tor  horses  and  doesw  Metallic 
antimony  is  extracted  frr>m  the  srlacce,  Sb^Sj.  by  roasting,  when  the 
>ulphur  boms  away  and  the  antimony  oxpiises.  f<>rming  the  oxide  Sb^O^, 
which  is  then  heated  with  chai»]aL  and  thus  redaoed  to  a  meiaflie 
ititU'^-.  The  reduction  may  be  carried  on  in  the  laboratory  on  a  small 
scale,  by  fusing  the  sulphide  with  iron,  which  takes  up  the  sulphur.^* 

Metallic  antimony  has  a  white  c«jli>ar  and  a  brilliant  lustre,  which 
remains  untarnished  in  the  air.  because  the  metal  does  not  oxidise  at 
the  onlinary  temperature.  It  crystallises  in  rhombohedra,  and  always 
shows  a  «iistinctly  crystalline  structure,  which  gives  it  quite  a  different 
aspect  from  the  majority  of  the  metals  yet  known.  It  is  most  like  tella- 
rium  in  this  respect.  Antimony  is  brittle,  so  that  it  b  very  easily  con- 
verteti  into  a  powder  :  its  specific  gravity  is  6-7.  it  melts  at  about  432**, 
but  only  volatilises  at  a  bright  red  heat.  When  heated  in  the  air— few* 
instance,  before  the  blow -pipe — it  bums  and  gives  white  odooriess 
fumes,  consisting  of  the  oxide.  This  oude  is  termed  antimonious  oxide, 
although  it  might  as  well  be  termed  antimonious  anhydride.  It  is 
given  the  first  name  because  in  the  majority  of  cases  its  compounds  with 
acids  are  usei,  but  it  forms  compounds  with  the  alkalis  just  as  easily. 

Antimonious  oxide,  like  arsenious  anhvdride.  crvstallises  either  in 
regular  i.^ctahedra  or  in  rhombic  prisms :  its  sp.  gr.  is  5*56  :  when  heated 
it  becomes  vellow  and  then  fuses,  anfi  when  further  heated  in  air  it 

m 

oxidises,  forming  an  oxide  of  the  composition  SbjO^.  Antimonious 
oxide  i<  insoluble  in  water  and  in  nitric  acid,  but  it  easHv  dissolves  in 

m 

Strong  hydrochloric  acid  and  in  alkalis,  as  well  as  in  tartaric  acid  or 
solutions  of  its  acid  salts.  When  dissolved  in  the  latter  it  forms  tartar 
emetic.  It  is  precipitated  from  its  solutions  in  alkalis  and  acids  (by 
the  action  of  acids  on  the  tVirmer  and  alkalis  on  the  latter)  in  an  anhy> 
drous  f«»rm  and  not  as  hvdrate.  It  occurs  native  but  rarelv.  As  a 
base  it  irives  salts  of  the  type,  SbC>X  las  if  thebtisic  salts^SbXj,SbjOj) 
and  hanlly  ever  forms  salts,  SbX,.  In  the  antimonyl  salts,  SbOX,  the 
grou]i  SbO  is  univalent,  like  potassium  or  silver.  The  oxide  itself  is 
(S1><'»).,0.  the  hvdroxide,  SbC><OH).  «S:c.  :  tartar  emetic  is  a  salt  in  which 
one  hydrt^gen  of  tartaric  acid  is  replaced  by  potassium  and  the  other  by 

* '  Antimony  is  prepAre<i  in  a  «:ate  of  greater  purity  by  beatingr  with  charcoal  the 
ox'  ie  obtained  by  the  actii>n  of  nitho  acid  on  the  impure  commercial  metallic  antimooj. 
Tiii-  i-i  i>rt«*d  on  the  fact  that  by  th«e  action  of  the  acid,  antimony  form*  the  oxide  Sh}Os, 
wi.i^h  i-  bat  slightly  soluble  in  water.  The  arsenic,  wli: .'h  is  nearly  always  ppKent.  forma 
golnblfr  -ir-^-iiiou-  and  arsenic  aciil*.  and  remAin*  in  s"^lut;."»n.  The  purest  antimony  is 
easi'.v  ..btA'ned  frvm  tartar  emetic,  byhtatin;;  it  with  a  small  qn.intity  of  nitre.  Metallic 
ap.ti:i;'>ny  al-i:*  occurs,  alth'^a^rh  r.irely.  native:  and  as  it  is  vrry  easzly  obtained,  it  was 
)cn«)W!i  X..;  the  akhemi'sts  of  the  fifteenth  centiiry.  Very  puw  metallic  antimony  may  be 
dep  .-it^l  by  the  electric  current  from  a  solution  of  antimonious  sulphide  in  sodium 
sj'.phiit;  after  the  addition  of  sodium  chloride  to  the  solution. 
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antimonyl,  SbO.  Antiinotiious  oxitle  is  very  easily  separated  from  iU 
salts  by  any  base,  but  it  must  be  observed  that  this  separation  does  not 
take  place  in  the  presence  of  tartaric  acid,  owing  to  the  property  of 
tartaric  acid  of  forming  a  soluble  double  salt — i.e.  tartar  emetic." 

If  metallic  antimony,  or  antimonious  oxide,  be  oxidised  by  an  excess 
of  nitric  acid  and  the  resultant  mass  bo  carefully  evaporated  to  dryness, 
then  meltiTitimonic  ticiil,  SbHOj,  la  formed.  Its  corresponding  potas- 
stum  salt,  2SbKOj,5HjO,  is  prepared  l>y  fusing  metallic  antimony  with 
one-fourth  of  its  weight  of  nitre  and  washing  the  resultant  i 
■with  cold  water.  This  potassium  salt  is  only  slightly  soluble  in  water 
(in  50  parts)  and  the  sodium  salt  is  still  iesiiso.  An  ortho-acid.  SbH,0„ 
also  appears  to  exist ;  it  is  obtained  by  the  action  of  water  on  anti- 
mony pentachloride,  but  it  is  very  unstable,  like  the  pentachloride, 
8bCl„  itself,  which  easily  gives  up  Cl-j,  leaving  antimony  trichloride, 
SbClj,  which  ia  decomposed  by  water,  forming  an  oxy chloride —for 
example,  SbOCl,  only  slightly  soluble  in  water.  When  antimonic  acid 
is  heat«d  to  an  incipient  red  heat,  it  parts  with  water  and  forms  the 
nnhydride,  ShjOj,  of  a  yellow  colour  aud  sp.  gr.  6*5." 

*i  At  antitooninas  oiide  answers  lo  Ihe  type  SbX,,  it  in  evident  llial  (■oni]i'iij('iU  may 
milimony  will  replace  three  fttunn  of  hjcirogen ;  iiueli  coin p..ii lulu  Imie 
■ilant  obtttined,  biit  they  are  eiisilj  conTarteil  by  wnlei  into  wibHtanceB 
CDTTeBpondiiig  with  the  onlinAry  formulie  d!  the  compoandH  ol  antiinoDy-  Tims  tiutdJ 
emetic,  C,H,(SbO)KOe,  luiee  vateT  when  bested,  und  fonua  CiUjBbKOir-th<it  i*.  tortorio 
matl,  C4UaOo,  in  which  une  atom  of  hydrogen  ia  replaced  by  poluiuiini  uid  tbree  liy  anti- 
mony.    Bnt  thii  aubitaiicc  ia  re-convorted  into  tartu  emetic  hy  the  action  of  wivter. 

A  limilur  eompoOHd  ig  seen  in  that  iiilrrTneiiiaIr  axide  of  antimmy  which  is  InrniMl 
when  antimonioue  niide  ia  healed  in  air:  its  coin|)OBitioii  ia  SbU,  or  Sb^^.  Thia  oiida 
■nay  be  reijuded  a»  iirthuitimonio  acid,  SbO|HO);,  in  which  three  atouia  nl  hydr<ignu 
are  repliuwd  by  antimony  in  that  Btat«  in  Hhicb  it  ocrnrB  in  otide  ef  antimimy — f.r, 
8bOlSbO,)>i8b/},.  Thia  anppoaiticMi  clearly  explains  the  existence  of  thia  nuiat  atabte 
oxide  of  antimony,  which  ia  »lao  formed  when  ajitimonic  acid  is  ignilsd ;  it  then  [«■•« 
water  and  oxygen,  and  girea  tUii  intermediate  oxide  as  a  white  inf  uaible  powder,  of  sp.  gr, 
6'7-    It  ia  wtmewhat  soluble  in  water,  aud  gives  a  solution  which  tuma  litmua  pB|wr  red. 

**  Among  the  other  compounda  of  nntimony,  antimoniurelled  hydrogin,  BbH.v  re- 
nmbles  aneninretted  hydrogen  in  it«  mode  of  (armation  and  propertieB  (when  liquefied, 
it  boils  at  -flG°,  aolidifieaat  —  03=),  wbilal  thehalognn  compounda  differ  in  many  respects 
from  those  of  arsenic.  When  chlorine  ia  paansd  iiver  an  excess  nt  antimony  powder,  it 
fbnna  antimony  triehtorida,  SbCl],  bnt  it  the  thlorine  be  in  exeeM  it  forma  the 
penbmhlaridf,  SIjCIj,  The  trichloride  is  a  cryatntline  aobstanee  which  melts  at  73",  and 
distila  at  USD',  n-hiitt  the  pentachloride  ia  s  yellow  liqnid,  which  splits  up  into  chlorine 
aod  the  trichloride  when  heated;  at  140°  it  begins  to  giie  oS  chlorine  abunilautly, 
Eanjingawiiy  the  rapour  ol  the  trichloride  with  it;  and  at  3*0°  the  dBoompijirilian  ia 
mmplele,  and  pure  antimonioua  chloride  only  passes  OTer.  Thin  property  ol  antimony 
pnlachluride  hue  cauaeilit  to  be  applied  iu  many  esses  tor  the  transference  of  chlnrine ; 
all  the  mure  that  when  it  hai  Kivenap  itschlorinp.  it  leaves  the  trichlorido,  which  is  able 
lo  absorb  a  freah  amount  of  chlorine ;  and  therefore  many  substancea  whir-h  are  unsble 
to  raaol  directly  with  gaseous  chlorine  do  so  with  antimony  pentachloride,  and  in  the 
preaenoeof  a  nnall  finanlity  of  it  chlorine  will  act  on  them,  jnst  a*  oxygon  iaable.  in  Uio 
pruanee  of  nitrogen  oxides,  to  oildiie  sabataooas  which  could  not  be  oxidised  al  (he 
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The  heaviest  analogue  of  nitrogen  and  phosphorus  is  himnulfi, 
Bi  ^  20S.  Here,  fts  in  the  other  groupE,  the  basic,  metallic  proper- 
ties inci-eaae  with  the  atomic  weight.  Bismuth  does  not  give  ftny 
hydrogen  compound,  and  the  highest  oxide,  BijOi,  is  a  very  feeble 
acid  oxide.  Bismuthous  oxide,  BJ^O^,  is  a  base,  and  bismuth  itaelf 
a  perfei-t  metal.  To  explain  the  other  properties  of  bismuth  it  must 
furtlier  be  I'einarked  that  in  the  eleventh  auries  it  follows  mercury, 
thallium,  and  lead,  whose  atomic  weights  are  near  to  that  of  bismuth, 
and  that  therefore  it  resembles  them  and  moi-e  especially  its  nearest 
neighbour,  lead.  Although  PbO  and  PbO,  represent  different  tyjies 
fi-om  BijOj  and  BijOj,  they  resemble  them  in  many  respects,  even 
their  external  appearance,  and  especially  in  their  mutual  com[>ounds, 
the  lower  basic  and  the  higher  acid,  which  easily  evolve  oxygen.  But 
judging  by  the  formula,  Bi^Og  is  a  more  feeble  base  than  PbO,  They 
both  easily  give  basic  salts. 

This  gives  nearly  the  whole  historj'  of  the  compounds  of  bismuth. 
Thus  biamuCh  forms  compounds  of  two  types  BLXj  ^id  BiXj),'^  which 

8ipena«  ot  free  oxygon.  Thas  cftrbi>n  biBulpliide  it  not  acted  on  hj  clilorinc  at  low  l«u- 
pentureH— tbiB  reaction  requiree  ft  high  tein|«rKCure — but  in  the  preBeuce  o(  uitimony 
peiitaohliiTide  ita  oouveiHion  into  cnrbon  tetrachloride  takes  iitace  at  low  teBipemtare*. 
Antimony  tii-  and  pentachlocide,  having  the  clurauter  of  chlorauhj^dridea,  futae  in  air, 
attract  moietiire,  and  ore  decompoied  hj  water,  forming  antimonioua  and  aatiinoiiic 
wiids.  Bat  in  the  first  action  ol  water  the  trichloride  does  not  evolve  all  ita  chlorine  M 
hydroclilaric  acid,  which  is  understood  from  the  tact  tliat  antimanionB  anlijdride  ia 
also  a  bate;  it  is  therefore  able  to  react  on  acids,  and  indeed  even  antimony  unlpbide 
dinsolred  in  an  excess  of  hydrochloric  acid  (hydrogen  snlphide  is  evolved)  gives  an 
lujoeoDs  salation  ot  antimony  triohloTiile,  which,  when  carefnlly  diatilled,  even  givBa  tlia 
auhydroDa  compound.  Antimony  trichloride  in  only  deoomposed  by  an  eicesB  Ol  weMr, 
kud  then  not  completely,  fur  with  a  large  mue  of  water  it  forms  powifei'  o/algaroth — >.«, 
antimony  oiychloride.  The  ficet  action  of  water  consists  in  the  formation  ol  ory- 
chloride,  SbOCI — that  ia,  a  salt  correaponding  to  oiide  of  antimony  a«  a  base.  It  anti- 
mony oxidu  or  antimony  chloride  be  dissolved  in  an  excesa  of  hydrochlorie  acid,  and  the 
aolntion  diluted  with  a  considerable  amount  of  ttalei,  then  this  same  powder  ot  algaroth 
is  precipilaled.  The  composition  varies  with  the  relative  amount  ol  watur;  namely, 
between  the  limits  SbOCl  and  Sb,0,Clj.  The  tatter  conipooud  is,  as  it  were,  a  biaie 
aalt  of  the  former,  becanae  its  composition  >  9|3bOCUSb}Os, 

With  bromine  aud  iodine,  antimony  forms  compoouds  similar  (o  those  wilb  chlorine, 
Antimonioas  bromide,  SbBr,,  crystallises  in  colourless  priama,  meltsat  e«°,  and  boila  at 
STII"  1  antimoniaos  iodide,  Sbl^,  forms  red  crystals  of  sp.  gr.  R'D :  antimony  triflnoiida, 
SbF,ih  sepamlea  from  a  solution  of  antimonioni  oxide  in  hydroSnoric  acid,  and  SbFj  ia 
formed  by  a  similar  treatment  of  antimonic  acid.  The  latter  gives  easily-aoloble  doable 
salts  with  the  tluotido  of  the  metals  of  the  alkalis. 

De  Hse'n  (1887)  obtained  very  stable  doable  soluble  salts,  SbPj.KCl  (100  parts  o( 
water  diswlve  fiT  parts  ol  salt),  SbFj,K,SO„  d:c.,  which  he  proposed  to  make  use  of  in 
the  artn  as  very  easily  crystallisalile  and  solnble  salts  of  antimony. 

Engel.  by  paRsing  hydrochloric  acid  ^s  into  a  saturated  solution  ol  antimoniona 
ehloride  at  0°.  obtained  a  oomponnd  HCl.aShCln.ttH.p,  and  with  the  pentachloride  m. 
oompound  6bC1i.GHCI,10H.,O.     Bismuth  trichloride,  BiClj,  gives  a  aimiiar  compound. 

1  Metallic  bismuth  is  very  easily  obtained  when  the  oompoands  ol  the  oxide  arq 
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entirely  recaJI  the  two  typps  whifh  we  have  ftlreatiy  seen  for  the 
conipouoiJa  of  lead.  Just  (la  in  the  case  of  lead,  the  type  PbXj  is 
basic,  stable,  as  n  rule  easily  formed,  and  passes  with  difficulty  into  the 
higlier  and  lower  types,  which  are  unstable,  eo  also  in  the  ca.ae  of 
bismuth  the  type  of  combination  BiX^  is  the  usual  Iwsic  fonu.  The 
higher  type  of  combination  BiX,,"  in  fact,  lichaves  towards  this  stable 
type  BiXj  in  exactly  the  same  manner  as  lead  dioxide  does  to  the 
monoxide  ;  and  bismuthic  acid  i*  obtained  by  the  action  of  chlorine  on 
bismuth  oxide  shaken  in  water,  in  exactly  the  same  way  as  lead  dioxide 
is  obtained  from  lead  oxide.  It  is  an  oxidising  agent,  like  lead 
dioxide,  and  even  the  acid  character  in  bismuthic  acid  is  only  slightly 
nio[-e  developed  than  in  lead  dioxide.  Here,  as  in  the  caee  of  lead 
(minium),  intermediate  compounds  are  easily  formed,  in  which  the 
bismuth  of  the  lower  oxide  plays  the  part  of  a  base  combined  with  the 
acid  which  is  formed  by  the  higher  form  of  the  oxidation  of  bismuth. 
In  this  resemblance  of  the  neighbouring  elements,  Bi  ^  208  and 
Pb^206,  of  different  groups,  we  lind  the  explanation  of  many  facts  of 
chemistry,  and  we  see  in  them  the  naturalness  of  the  peritxlic  system 
of  the  elements. 


In  nature,  Hgmulh  occurs  in  only  a  few  localities  and  in  small 
quantities,  most  fre(|uently  in  a  native  state,  and  more  rarely  as  oxide 
nnd  as  a  compound  of  bismuth  sulphide  with  the  sulphides  of  other 
metals.  It  is  extracted  from  its  ores  by  simple  fusion  in  the  furnace 
shown  in  fig.  S5.     This  furnace  contains  au  inclined  iron  retort,  into 

reduced  bjf  poirertul  reilueing  uRenlB,  but  when  less  poirerfiil  rwlucing  agents— for 
ekatnplv.  atiULuoUfl  oxide — &rfl  tiiken,  Lheo  b^ftmath  suboxide  ia  formed  lu  a  bU^k 
otyeUIUike  povdei.  It  ia  a  rotupound  ol  the  t]rpe  BiX,,  its  compoBition  being  BiO ;  it  in 
deo<>m|>owd  b;  mida  into  tbe  metHl  and  oxide,  which  pa^Bea  into  Bolaljon. 

'  Tbe  type  BiX,  ii  tepiBBented  bjr  the  p«atox  ide,  BI.Oi,  its  meUhydrate.  Bi,0„H^, 
nr  BiEO-,  kuiiwii  u  bieiDDthic   scid,  and  tbe   pyiohjdrate,   BijH,0;.    Biwmulh  pent- 
'   emidt  ia  obtained  bf  the  iiroloDged  pncnga  of  cblorine  tbrongb  a  boilinj;  *ulntion  o( 
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the  upper  extremity  of  which  the  ore  is  charged,  and  the  molten  niflnl 
flows  from  the  lower  extremity.  It  is  refiued  by  re-melting,  and  the 
pui-e  raetftl  may  be  obtained  by  dissolving  in  nitric  acid,  decomposing 
the  resultant  salt  with  water,  and  reducing  the  precipitate  by  heating 
it  with  charcoal.  Bismuth  is  a  metal  which  crystallises  very  well  from 
a  molten  state.  Its  sp.  gr.  is  9'8;  it  melts  at  268°,  and  if  it  be 
melted  in  a  crucible,  allowed  to  slowly  cool,  and  the  crust  broken  and 
the  remaining  molten  liquid  poured  out,  perfect  rhomljohedral  crystals 
of  bismuth  are  obtained  on  the  sides  of  the  crucible.  It  is  brittle,  haa 
a  grey -colon  red  fracture  with  a  reddish  lustre,  is  not  hard,  and  is  but 
very  slightly  ductile  and  malleable  ;  it  volatilises  at  a  white  heat  and 
easily  oxidises.  It  recalls  antimony  and  lead  in  many  of  its  propertieg. 
When  oxidised  in  air,  or  when  the  nitrate  is  ignited,  bismuth  forms 
the  oxide  Bi.^O^  as  a  white  powder,  which  fuses  when  heated  and 
resembles  massicot.  The  addition  of  an  excess  of  caustic  potash  to  a 
solution  of  a  bismuthous  salt  gives  a  white  precipitate  of  the  hydroxide, 
EiO{OH),  which  loses  its  water  and  gives  tlie  anhydrous  oxide  when 
boiled  with  a  solution  of  caustic  potash.  Both  the  hydroxide  and  oxide 
easily  dissolve  in  acids,  and  form  bismuthous  salts. 

BJSTiiuthous  oxide,  BijOj,  is  a  feeble  and  unenergetio  base.  The 
normal  hydroxide  of  the  oxide  Bi^Oj  is  Bi(0H)3 ;  it  parts  with  water 
and  forms  a  nietahydroxide  (bismuthjl  hydro.\ide},  BiO(OH).  Both  of 
these  hydroxides  have  their  corresponding  saline  compounds  of  the 
composition  BiXj  and  BiOX.  And  the  form  BiOX  is  nothing  else  bat 
the  type  of  the  basic  salt,  because  3R0X  =  EX  +  RjO^.  It  is  evident 
that  in  the  type  BiXj  the  bismuth  replaces  three  atoms  of  hydrogen. 
And,  indeed,  with  phosphoric  acid,  solutions  of  the  bismuthous  salta 
give  a  precipitate  of  the  composition  BiPO,,  On  the  other  hand,  ia 
the  form  of  compounds  BiOX  or  Bi(OH),X.  the  univalent  group  (DiO) 
or  (BiH^O,)  is  combined  with  X.  Many  bismuth  salts  are  formed 
according  to  the  type  BiOX.  For  instance,  the  carbonate  tB!0),C03, 
which  corresponds  with  the  other  carbonates  M^COj.  It  is  obtained 
as  a  white  precipitate  when  a  solution  of  sodium  carbonate  is  added  to 


potUBinm  liydrDiiile  (ip.  gi,  I'SS),  Mntaiaiag  biunatb  oiitUi  iu  snEpenuon ;  llie  pcecipi- 
likte  is  wmabeil  witli  wattii,  bojliii);  nitric  icid  (but  not  long,  hh  othenrise  the  binnnlhie 
■cid  is  dBCompoBcd),  tbcQ  Kgaiii  with  water,  and  tliea  the  nsultdnt  bright  red  powd«r  Of 
the  hydrate  BiHOj  it  dried  at  13G°.  The  prolonged  notion  of  nitric  uoiil  on  biamuthic 
uhydriiJe,  BijOj.  reinlts  Id  the  formation  of  the  compoand  B[,0„H]0,  which  decompoeea 
in  moint  air,  lorming  Bi/)].  The  density  of  biBmathl?  uihrdrldeiaS'lO.  of  the  tetloxide, 
Bt,0,,  fi-eO,  and  of  biuuuthic  nfid,  BiH03,  B'TS.  Fyrobitinuthie  acid,  BijH^O,,  tontiB 
a  brovn  povd«r,  which  LoBen  a  portion  of  its  water  at  l&O^,  and  deconipoaea  on 
further  healing,  with  the  evolution  of  oxygen  and  water.  It  is  obtained  bj  the  action  of 
potaaiiiam  Fysnide  on  a  aoiution  of  biamuth  nitrate. 
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a  solation  of  a  bismath  salt.*"  The  complex  radicle  BiO  is  natumlly 
not  any  pai-ticular  special  grouping',  as  n'oa  represented  in  fonuer  times 
in  speaking  of  complex  radicles  ;  it  U  simply  only  a  form  o£  expression 
of  the  composition  of  a  given  oxide  according  to  its  relation  to  the 
compounds  of  other  oxides. 

Three  nafts  of  nitric  acid  are  known  corresponding  with  bismuthous 
oxide.  If  melatlic  biGmuth  or  its  oxide  l>e  dissolved  in  nitric  acid,  it 
forms  a  colourless,  transparent  solution,  containing  a  salt,  which  sepa- 
rates in  large  transparent  crystals  containing  Bi(NOj)3,5HjO.  When 
heated  at  80',  these  crystals  melt  in  their  water  of  crystallisation,  and 
in  so  doing  lose  a  portion  of  their  nitric  acid,  together  with  water, 
forming  a  salt  whose  empirical  formula  is  Bi.jN._HjO,,.  If  the  pre- 
ceding salt  belongs  to  the  type  BiXj,  tlien  this  one  should  belong  to  the 
form  fiiOX,  because  it  contains  one  equivalent  of  the  radicle  of  nitric 
•  acid,  NOj,  per  one  equivalent  of  bismuth,  and  one  is  led  to  suppose 
that  this  salt  has  a  composition  Ei(OH)jN03  in  combination  with 
BiO(N03).  This  salt  may  be  heated  to  150°  without  change.  When 
the  first  colourless  crystalline  salt  dissolves  in  water  iC  is  decomposed. 
There  is  no  decomposition  if  an  excess  of  acid  be  added  to  the  water— 
that  is  to  say,  the  salt  is  able  to  exist  in  an  acid  solution  without 
decomposing,  without  separation  of  the  so-called  basic  salt— but  by 
itself  it  cannot  be  kept  in  solution  ;  water  decomposes  this  salt,  acta  on 
it  like  an  alkali.  Hence  the  basic  properties  of  bisniutliic  oxide  are  so 
feeble  that  even  water,  with  its  at  all  events  little  developed  alkaline 
properties,  acts  by  taking  up  a  purttuu  of  the  acid  from  it.  Here  we 
see  one  of  the  most  striking  facts,  long  since  observe<l,  confirming  that 
action  of  water  on  salts  about  which  we  have  spoken  in  Vol.  I.  p.  426 
and  elsewhere.  This  action  of  water  may  be  expressed  thus  ;— BiXj  + 
2H,0=Bi(OH)aX  +  2XH.  A  salt  of  the  type  BiXj  is  decomposed  by 
on  excess  of  water,  and  a  salt  of  the  type  Bi(OH)jX  is  obtained  in  the 
pi-ecipitate.  But  if  the  quantity  of  acid,  HX,  be  increased,  then,  the 
Kalt  BiXj  is  again  formed  and  passes  into  solution.  The  quantity  of 
the  salt  BiOX  which  passes  into  solution  on  the  addition  of  a  given 
(juanlity  of  acid  depends  indubitably  on  the  amount  of  water  (Muir). 
The  solution,  which  is  perfectly  transparent  with  a  small  amount  of 
water,  l»econies  cloudy  and  separates  out  the  salt  of  the  type  BiOX, 
when  diluted.  Tlie  white  6aky  precipitate  of  Bi(OH)jNOj  formed 
from  the  normal  salt  BilNO,),  by  mixing  it  with  five  paits  of  water, 
and  in  general  with  a  small  amount  of  water,  is  used  in  medicine 
under  the  name  of  magistery  of  bismuili."' 
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Metallic  bismuth  is  used  for  soidera  and  in  th«  preparation  of 
fusible  alloys.  Thn  addition  of  bismuth  to  many  metals  renders  them 
very  hnrd,  and  at  the  same  time  generftlly  lowers  their  melting  point 
to  a  considerable  extent.  TLus  Wood's  metal,  which  contains  one  part 
of  cadmium,  one  part  of  tin,  two  parts  of  lead,  and  four  parts  of  bis- 
uiuth,  fuses  at  about  CO",  and  in  general  many  alloys  composed  of 
bismuth,  tin,  lead,  and  antimony  luelt  below  or  about  the  Iwiling- 
point  of  water.^' 

Just  as  in  the  II.  group,  besides  the  elements  zinc,  ciidmiuru, 
and  mercury  in  the  uneven  series,  we. saw  calcium,  strontium,  and 
barium  in  the  even  series  ;  and  as  jn  tiie  IV,  "roup,  besides  silicon, 
germanium,  tin,  and  lead,  we  saw  .ttMMui,  ziifconium,  cerium,  and 
thorium  ;  so  also  in  the  V,  group  we  Snd,  besides  those  elements  of  the 
uneven  series  just  considered  by  us,  a  series  of  analogues  in  the  even 
series,  which,  with  a  certain  degi-ee  of  similarity  (mainly  quantitative, 
or  relative  to  the  atomic  weights),  also  present  a  series  of  particular 
(qualitative)  independent  points  of  distinction.  In  the  even  series  are 
known  vanadium,  which  stands  between  titanium  and  chromium,  ntn- 
bium,  between  zirconium  and  molybdenum,  and  tantalum,  situated  near 

ult  tanned.  The  ultlmiit«  prodnct,  on  trhich  ui  excoBB  o!  n&ter  bu  apparently  na 
•ction  whstever,  is  n  subsUiiw  hsvinjt  Iha  composition  BiO(NO,),BiO(OH).  lu  the 
Utter  salts  we  nlraiidj  see  the  limit  oF  clmnge.  ami  this  limit  ftppears  to  show  tlmt  the 
form  of  the  ttiiae  compound  of  hismuthio  oxide  sre  of  the  turms  Bt.,Xs,  and  nut  BiXj, 
■nd  it  is  verjr  probable,  on  tile  baBiauf  the  examples  which  we  considered  in  the  eaw  of 
lead,  that  this  t}-pe  should  be  still  fuilhcrpolymensed  in  older  to  bave  an  Met  of  tha 
type  of  the  bismnthoun  eompoondn.  If  we  refer  all  the  biainnthous  compounds  to  this 
t)']<e.  Bi,,Xe,  we  shall  obtain  the  following  expression  for  tbe  composition  of  Iha 
nitrates :  nomial  salt,  Bi,(NOs)n,  first  basic  ealt.  Bi,0[OH),(KO,]t.  magietory  of  bit- 
muth,  Bi,(OH)j(NOsl,.  and  the  limiting  form  Bi,0.,(OH)(NOj). 

The  character  of  bismnthons  oxide  in  lis  compounds  is  clearl;  seen  in  (he  eiampl* 
of  the  nitrate,  because,  for  example,  bismnthous  chloride,  BiClj,  which  is  obtained  by 
heating  bismuth  incbloriue.  orbyditsolvinji'it  in  aqaa  regia,  and  then  diitJIliDg  wIthoDt 
the  access  of  air,  is  also  decomposed  by  water  in  exactt)'  the  same  manner,  and  form* 
batic  salts— for  instance,  first,  BiOCl,  like  the  above  »att  of  nittio  acid.  Btfranlll 
oliloride  is  lolatile,  and  perhaps  its  lomjnla  is  BiClj,  and  not  BI]C1<.  PoljrmerisalioD 
may  take  place  in  «ome  compoands  and  not  in  others.  A  volatile  compound  of  the  com- 
position BiiCiHj):  isalsu  known  as  a  liquid  which  is  insoluble  in  water  and  deuomposea 
with  explonion  when  heated  to  IHD". 

"  Ai  the  luetolfl  contained  in  alloys  like  Ibe  above  (bismtith,  lead,  tin,  cadmium)  aie 
difficultly  Tolatile  and  their  alloys  are  fusible  they  may  be  employed  in  the  place  of  tuei^ 
cur;  in  many  physical  experiments  condacted  at  70^  and  above,  snd  they  offer  the 
advantage  that  they  do  not  give  any  vapour  having  a  tennion  (mercury  at  100",  O'TGimn.). 
These  alloys  may,  lor  example,  be  used  in  themiometera.  manometers,  baths,  At.  H 
must,  however,  be  borne  in  mind  that  in  aolidilying  they  expand,  and  glsai  vessels  in 
which  they  have  solidified  always  break  after  a  certain  time.  Bismuth  expands  in  poaaiiiK 
into  a  molten  state,  but  it  has  a  temperature  ol  maiimom  dcnnity.  Accoi^tng  to 
Luedekingthemeaucoefncient  of  expansion  of  liqnid  bismath  is  0*0000119  (between  iTO° 
and  SUS°],  nnd  of  sohd  bismuth  OOOOOJll. 
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tungsten,  an  element  of  the  VI.  group,  like  cliromiuni  an<t  molybdenum. 
Ju&t  ns  bismutli  is  similar  in  many  respects  to  its  neighbour  lead,  so 
also  do  tliese  iieighbuuring  elements  resemole  each  other,  even  in  their 
extermil  appenrance,  not  to  mention  the  quality  of  their  coinpounils, 
nalurnlly  taking  into  account  the  difference  of  the  Ij'pea  corre- 
sponding *ith  the  different  groups.  The  occurrence  in  the  V.  group 
determines  the  types  of  the  oxides  R^O^  and  R.jO,,  nnd  the  develop- 
ment of  an  acid  character  in  the  higher  oxides.  The  occurrence  in  the 
even  seriea  determines  the  absence  of  volatile  compounds,  RHj,  for 
these  metals,  and  a  more  basic  character  of  the  oxides  of  a  given  com- 
position than  in  the  uneven  series,  &c.**  Vanailium,  niobium,  and 
tantalum  belong  to  the  number  of  rare  nietjils,  and  are  exceedingly 
difficult  to  obtain  pure,  more  especially  owing  to  their  similarity  to  and 
occurrence  with  chromjuin,  tungsten,  and  other  metals,  and  also  in 
combination  among  themselves  ;  therefore  it  is  natural  that  they  have 
been  far  from  completely  studied,  although  since  1860  chemists  have 
demoted  not  a  little  time  to  the  investigation  of  these  elements.  The 
reaearches  carried  out  by  Marignac,  of  Geneva,  on  niobium,  and  by  Sir 
Henry  Roscoe,  of  Maucheat«r,  on  vanadium,  deserve  special  attention. 
The  undoubted  external  resemblance  between  the  compounds  of  chro- 
mium and  vanadium,  as  well  as  the  want  of  completeness  in  the  know- 
ledge of  the  compounds  of  vanadium,  long  caused  its  oxides  to  be 
considered  analogous  in  atomic  composition  with  those  fornied  by 
chromium.  The  higher  oxide  of  vanadium  was  therefore  supposed  to 
have  the  formula  VO3.  But  the  fact  of  the  matter  is,  that  the  chemi- 
cal analogy  of  the  elements  does  not  proceetl  in  one  direction  only  ; 
vanadium  is  atone  and  the  same  time  the  analogue  of  chromium,  and 
consequently  of  the  elements  like  sulphur  of  the  VI.  group,  and  also  the 
analogue  of  phcsphorus,  arsenic,  and  antimony  ;  just  as  bismuth  stands 
in  respect  to  lead  and  antimony.  Investigation  has  shown  that  the 
compounds  of  vanadium  are  always  accompanied  by  those  of  phosphorus 
as  well  as  of  iron,  and  that  it  is  even  more  diHicult  to  separate  it  from 
the  compounds  of  phospliorus  than  froci  those  of  iron  and  tungsten. 
We  should  have  to  considerably  extend  our  description  if  we  wished  to 
give  the  cmplete  history,  even  of  vanadium  alone,  not  to  mention 
niobium  and  tantalum,  all  the  more  as  not  unfrequently  many  ques- 
tions concerning  the  compounds  of  these  elements  have  not  yet  been 
folly  explained.     Therefore  we  shall  limit  ourselves  to  pointing  out  the 


'*  Although,  guided  by  Bniunei.  who  slioired   tliKt  didyminni  ( 
IK]Oi.  1  place  Ihia  elemeiit  in  Ilid  fifth  gtoup,  still  I  Am  not  certiii 
bac*IUe  I  ooiwidei  (but  the  ijueetions  lieuing  on  tbia  mut&l  ure  still  1 
I    aitelj  acnrered. 


higher 


.xide, 
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most  important  points  in  the  history  of  this  element,  all  the  more  as 
the  very  minerals  in  which  these  elements  occur  are  excessively  rare 
and  accessible  to  only  a  few  investigators. 

An  important  point  in  the  history  of  the  members  of  this  group  is 
seen  in  the  circumstance  that  they  form  volatile  compounds  with 
chlorine,  similar  to  the  like  compounds  of  the  elements  of  the  phos- 
phorus group,  namely,  of  the  type  RX5,  or  one  corresponding  to  it. 
The  vapour  densities  of  the  compounds  of  this  nature  were  determined, 
and  served  as  the  most  important  basis  for  the  explanation  of  the  atomic 
composition  of  these  molecules.  In  this  we  see  the  power  of  those 
general  and  fundamental  laws,  like  the  law  of  Avogadro-Gerhardt.  An 
oxychloride,  VOCI3,  is  known  for  vanadium,  which  is  the  perfect  analogue 
of  phosphorus  oxychloride.  It  was  formerly  considered  to  be  vanadium 
chloride,  for  exactly  the  same  story  was  repeated  over  vanadium  as 
over  uranium  (Chapter  XXI.) ;  its  lower  oxide,  VO,  was  considered 
to  be  the  metal,  because  it  is  exceedingly  difficultly  reduced — even 
potassium  does  not  remove  all  the  oxygen,  besides  which  it  has  a 
metallic  appearance,  and  decomposes  acids  like  a  metal  ;  in  a  word,  it 
in  every  respect  resembles  a  metal.  Varmdium  oxychloride  is  obtained 
by  heating  the  trioxide,  VjOg,  mixed  with  charcoal,  in  a  current  of 
hydrogen  ;  the  lower  oxide  of  vanadium  is  then  formed,  and  it,  when 
heated  in  a  current  of  diy  chlorine,  gives  the  oxychloride  VOClj  as  a 
reddish  liquid,  which  does  not  act  on  sodium,  and  may  be  purified  by 
distillation  over  this  metal.  It  fumes  in  the  air,  forming  reddish  fumes ; 
it  reacts  on  water,  forming  hydrochloric  and  vanadic  acids  ;  hence, 
on  the  one  hand  it  is  very  similar  to  phosphorus  oxychloride,  and  on 
the  other  hand  to  chromium  oxychloiide,  Cr02Cl2  (Chapter  XXL). 
It  is  of  a  yellow  colour,  its  sp.  gr.  is  1-83,  it  boils  at  120°,  and  its 
vapour  density  is  86  with  respect  to  hydrogen,  and  therefore  the  above 
formula  expresses  its  molecular  weight.^^ 

Vanadic  anhydride^  ^2^51  ^s  obtained  either  in  small  quantities 
from  certain  clays  where  it  accompanies  the  oxides  of  iron  (hence  some 
sorts  of  iron  contain  vanadium)  and  phosphoric  acid,  or  from  the  rare 


*^  When  the  vapours  of  vanadium  oxychloride  are  heated  together  with  zinc  in  a 
cloned  tube  at  400'^,  they  lose  a  portion  of  their  chlorine  and  form  a  green  crystalline 
mass  of  sp.  gr.  2*88,  which  is  deliquescent  in  air  and  has  the  composition  VOCl^.  Only 
its  vai)Our  density  is  unknown,  and  it  would  be  extremely  important  to  determine  whether 
its  molecular  composition  is  that  given  above,  or  if  it  corresponds  with  the  formula 
V.^0oCl4.  Another  less  volatile  oxychloride,  VOCl,  is  formed  together  with  it  as  a  brown 
insoluble  substance,  which  is,  however,  soluble  in  nitric  acid  like  the  preceding.  Roscoe 
obtained  even  a  still  less  chlorinated  substance,  namely,  (V0)2C1 ;  but  it  may  only  con- 
HiKt  of  a  mixture  of  VO  and  VOCl.  At  all  events,  we  here  find  sach  a  graduated  series 
as  is  met  with  for  very  few  other  elements. 
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minerals  :  volborlhil'!,  CuHVO,,  or  basic  vatiadat*  of  copper  ;  rojioiK- 
niU,  PbCl,3Pbj(VO,)5;  lead  vanadate,  Pb3(V0)ij,  &c.  The  latter 
f^lta  are  carefully  ignited  for  some  time  nith  one-thii^  of  their  weight  of 
nitre  ;  the  fused  mass  thus  formed  is  powdered  aod  boiled  in  water  :  the 
yellow  solutiou  obtained  contains  potassium  vanadate.  The  solution 
is  neutralised  with  acid,  and  barium  chloride  added  ;  a  meta-salt, 
Sa(V03),,  is  then  precipitated  as  an  almost  insoluble  white  powder, 
vhich  gives  a  solution  of  vanadic  acid  when  boiled  with  sulphuric 
acid.  (The  precipitate  is  at  first  yellow,  as  long  as  it  remains  amor- 
phous, but  it  afterwards  becomes  crystalline  and  white.)  The  solution 
thus  obtained  is  neutralised  with  ammonia,  which  thus  forms  ammo- 
nium (meta)  vanadate,  IS'HjVOj,  which,  when  evaporated,  gives  colour- 
less crystals,  insoluble  in  wat«r,  contairing  sal-ammoniac  ;  hence  1hi« 
salt  is  precipitated  by  adding  a,  piece  of  sal-ammoniac  to  the  solution. 
Ammonium  vanadnte,  when  ignited,  loaves  vanadic  acid  behind.  In 
this  it  differs  from  the  corresponding  chromium  salt,  which  is  de- 
oxidised into  chromium  oxide  when  igaited.  In  general,  vanadic  acid 
has  but  a  small  oxidising  action.  It  is  reduoetl  with  difliculty,  like 
phosphoric  or  sulphuric  acid,  and  in  this  differs  from  arsenic  and 
chromic  acids.  Vanadic  acid,  like  chromic  acid,  separates  from  its  solu- 
tion as  the  anhydride  VjOs,  and  not  in  a  hydrous  state.  Vanadic 
anhydride,  V5O,,  forms  a  reddish  brown  mass,  which  easily  fuses  and 
solidifies  into  transparent  crystals  having  a  violet  lustre  (another 
point  of  resemblance  to  chromic  acid),  and  dissolves  in  water,  forming 
a  yellow  solution  with  a.  slightly  acid  reaction.'"' 

^  StroDK  acids  und  iilkiiliB  diaitalFS  Tflnodic  anhydride  in  cnuniileriible  qaantitin, 
torming  jellow  solations.  When  il  is  ignited,  CBpeciallj  in  a,  Durrent  of  hydrogen,  it 
BToiTin  oiTgen  uid  lorms  the  lower  oiidos:  V,0,  (acid  solutiony  of  ft  green  colonr.  like 
die  ultB  of  ehnimic  oiide),  V,0],  uid  the  lowest  oiide.  VO,  Tlie  Uttet  rs  the  metric 
porder  which  in  obLiuuad  when  the  TanodiDm  oxy^^hloride  ifl  boated  in  an  exceaii  ol 
hydrogen,  and  was  formerly  miit&keu  for  umtaJlic  raniLdiani.  When  a  aolution  ot 
vanadic  acid  is  treated  wltb  metaUic  line  il  loriOB  a  blae  solution,  which  teemi  U)  contain 
thi*  oxide.  It  acts  ai  a  redndng  agvnt  (and  fcmiii  ou  intiuuite  analogue  to  chiDmou 
oxide.  CtO).  Metallic  vanadiuTn  cfui  only  be  oLtainiid  horn  Tinadium  chloride,  which 
b  quit*  tree  Iroin  oxygen.  The  spucific  gisTity  ol  this  mulal  is  G'E.  It  is  of  a  grey-irhite 
colour,  il  not  decomposed  by  water,  i*  not  oxidioed  in  air,  bat  bums  when  strongly 
beatfld,  and  uiui  be  luacd  in  a  onrrent  ot  hydrogen.  It  is  insoluble  in  hydrouhluiic  acid, 
bnt  easily  dissolves  in  nitric  acid,  and  when  tneed  with  caoitic  soda  il  lorms  H)dium 

As  n^nrda  the  salts  of  vanadic  add.  three  diSerent  claaie*  ol  salts  are  known  ;  tha 
flrtt  eomiapand  with  nieUrunadic  acid,  VMO^i- MaOVgOj,  the  (ecnnd  cnrreBpond  with 
thi  dichromali'S— that  is.  have  tlie  caiuposiiion  V,M,0,|,  which  is  eitaal  to  U,O-i-aV,0g 
—and  Uu>  third  correHiiond  with  oithovanadic  acid,  THjOi  or  flM,0 1  VgOj.  Tha  latter 
■re  fomied  when  vanadic  anliydride  it  fated  with  sn  excess  o!  an  alkaline  carbonate.  A 
faoith  type  of  Balls  is  also  known  cnrrespondiag  with  the  trichrnmalea,  and  hariiig  the 
compoiitioaMiVaOiB^MgO-i-SVjOj.  The  Utter  are  formed  by  the  metala  of  the  alkali* 
and  have  the  apiwotance  of  red  crystals,  reftciubling  chiomntce.     They  are  formed  from 
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ti.im.il  >Ahi*ii  NbOFj.aKP  IB  reduced  by  sodium;  NbO^,  which  is  formed  by  igniting 
UII.J-U-.  1^1  tit  ill  a  HtrtNim  of  hydrogen,  and  niobic  anhydride,  Xb205,  a  white  infusible 
-•ttl..>uti«is  which  in  iiiHoluble  in  acids,  and  has  a  specific  gra\'ity  of  4*6.  Tantalic  anhy- 
itn-ti.  1  It.wly  r««itoiiibk*H  niobic  anhydride,  and  has  a  specific  gravity  of  7*9.  The  tantalatet 
•I  ml  nn'hatt'n  pr««iH>nt  the  type  of  ortho-salts— for  example,  Na5HNb04,6H.20,  and  also  of 
I'M-.  «ult  H,  huth  as  K.iHNb.p-,0H2O,  and  of  meta-salts— for  example,  KNbOs.aH^O.  And, 
lui«uUi«*  th(«He,  they  give  salts  of  a  more  complex  type,  containing  a  larger  amount  of  the 
i>li<iiii)iiU  c»f  the  anhydride ;  thus,  for  instance,  when  niobic  anhydride  is  fused  with  caustic 
|Hitaith  it  forms  a  salt  which  is  soluble  in  water,  and  crystallises  in  monoclinic  prisms, 
huviii^  th«4  comiH)sition  K«Nb«Oi9,lGH20.  There  is  a  perfectly  similar  isomorphous  salt 
t'f  luutalit^  acid.  Tantalite  is  a  salt  of  the  type  of  metatantalic  acid,  Fe(Ta03)j.  The 
I  i'tiipDiiltlon  of  Yttrotautalitc  appears  to  correBi)ond  with  orthotantalic  acid. 


CHAPTER   XX 


SULPHUR, 


AND   TELLUHIUM 


The  ftcid  chai'acter  of  the  higher  oxitles  ROj  of  the  elements  of 
the  VI.  group  ia  still  more  clearly  defined  than  that  of  the  highec 
oxides  of  the  preceding  groups,  whilst  feeble  basic  properties  only 
appeal'  in  the  osides  RO,  of  the  eiementa  of  the  even  series,  and 
then  only  for  those  elements  having  a  high  atomic  weight — tliftl 
U,  under  those  two  conditions  in  which,  as  a  rule,  the  basic  diameters 
increase.  Eien  the  lower  types  RO,  and  Rfi^,  &c.,  formed  by  the 
elements  of  the  VI.  group,  are  acid  anhydrides  in  the  uneven  series, 
Bnd  only  those  of  the  elements  of  the  even  series  have  the  proper- 
ties of  peroxides  oi-  even  of  bases. 

Sulphur-  is  the  representative  of  the  Vl.  group  both  owing  to 
the  fact  that  the  acid  properties  of  the  group  are  sharply  defined  in  it, 
and  also  because  it  Is  more  widely  distributed  in  nature  than  any  of 
the  other  elements  belonging  to  this  group.  As  an  element  of  the 
uneven  series  of  the  VI.  group,  sulphur  gires  HjS.  sulphuretted 
hydrogen,  SO3,  sulphui-ic  anhydiide,  and  SO,,  sulphurous  anhydride. 
And  in  all  of  them  we  find  acid  properties— SO^  and  SO,  are  anhydrides 
of  acids,  and  HjS  is  an  acid,  although  a  feeble  one.  As  an  element 
sulphur  has  all  the  properties  of  a  true  non-lnetal  ;  it  has  not  a  metallic 
lustre,  does  not  conduct  electricity,  is  a  bad  conductor  of  heat,  is  trans- 
parent, and  combines  directly  with  metals^in  fact,  all  the  properties 
of  the  non-metals,  like  oxygen  and  chlorine.  Furthermore,  sulphur 
exhibits  a  great  qualitative  and  quantitative  reeetnlitaiice  to  oxyijen, 
especially  from  the  fact  that  it,  like  oxygen,  combines  wiUi  two  atoms  of 
hydrog'tn,  and  forms  compounds  like  oxides  with  metals  and  non-meta's. 
In  this  sense  and  aspect  sulphur  is  bivalent,  if  the  halogens  are  univa- 
lent.'    The  chemical  character  of  sulphur  is  expressed  by  the  fact 


<  The  cluruter  of  anlphni 

VUbont  lin^inR  01a  thie 

obemistr;,  I  think  it  will  Le  e 

of  the  ethyl  FiimpouiKlH  ot  mt 

VOL.    II. 


i  Tpry  dourly  delineil  in  the  oi^ano-meUIHc  compoiind«. 
ut  anlijecl,  which  helongi  to  the  pruvinoe  of  orgnnio 
■ujrh  for  our  pOrpoBe  to  compare  the  physienl  propectinit 
nrj,  line,  euliJiul   lUid  oiygtin.     They  h«Te  the  ctmunoii 
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that  it  forms  a  very  slightly  stable  and  feebly  energetic  acid  with 
hydix^ijpn,  which,  on  the  one  hard,  resembles  water  in  its  atomic  com- 
ixxvitiou,  and,  on  the  other  hand,  the  halogen  acids  in  its  property  of 
forming  salts.  The  salts  corresponding  with  this  acid  are  the  sulphides, 
just  as  the  oxides  correspond  to  water  or  the  chlorides  to  hydrochloiic 
acid.  However,  as  we  s^all  aftei  wards  see  more  fully,  the  sulphides 
art^  more  analogous  to  the  former  than  to  the  latter.  But  although 
comVining  with  metals,  like  oxygen,  sulphur  also  forms  chemically 
stable  compounds  with  oxygen,  and  this  fact  impresses  a  peculiar 
character  on  all  the  relationsof  this  element.* 

Sulphur  l)elongs  to  the  number  of  those  elements  which  are  very 
viMi/  dUirihuted  in  naturp,  and  occui-s  both  free  and  combined  in 
various  forms.  The  atmosphere,  however,  is  almost  entirely  free  from 
i^m(H)unds  of  sulphur,  although  a  certain  amount  of  them  should  be 
present,  if  only  from  the  fact  that  sulphurous  anhydride  is  emitted 
from  the  earth  in  volcanic  eruptions.  Sea  and  river  water  generally 
contain  more  or  less  sulphur  in  the  form  of  sulphates.  The  beds  of 
gj'psum,  sodium  sulphate,  magnesium  sulphate,  and  the  like  are 
formations  of  undoubtedly  aqueous  origin.  The  sulphates  contained 
in  the  soil  are  the  source  of  the  sulphur  found  in  plants,  and  are 
indispensable  to  their  growth.  Among  vegetable  substances,  the 
proteids  always  contain  from  one  to  two  per  cent,  of  sulphur.  From 
plants  these  albuminous  substances,  together  with  their  sulphur,  pass 
into  the  animal  organism,  and  therefore  the  decomposition  of  animal 
matter  is  accompanied  by  the  odour  of  sulphuretted  hydrogen,  as  the 
product  into  which  the  sulphur  passes  in  the  decomposition  of  the 
albuminous  substances.  Thus  a  i-otten  e<^)^  emits  sulphuretted  hydro- 
gen. Sulphur  occurs  largely  in  nature,  as  the  various  insoluble  sul- 
phides of  the  metals.  Iron,  copper,  zinc,  lead,  antimony,  arsenic,  <S:c., 
occur  in  nature  combined  with  sulphur.  These  sidphides  frequently 
have  a  metallic  lustre,  and  in  tlie  Inajority  of  cases  cccur  crystallised, 
and  also  very  often  several  sulphides  occur  combined  or  mixed 
together  in  these  crystalline  comixiunds.  If  they  are  yellow  and  have 
a  metallic  lustre   they  are   called   pyrites*      Such   are,  for  example, 

t-omposition  (C^.H^y^R,  where  R  =  H}j.  Zn.  S,  or  O.  They  are  nil  volatile:  mercury  ethyl, 
Hg(C2Hj,)<j,  boils  at  159°,  its  sp.  gr.  is  ♦2444,  molecular  volume  =  10« ;  zinc  ethyl  boils  at 
118^,  Hp.  gr.  1»»2,  volume  101:  ethyl  f^ulphide,  SlC^H^Vj,  boils  at  90"=*,  sp.  gr.  O'SSS, 
volume  107  ;  common  ether,  or  ethyl  oxide,  O(CoH0  >,  boils  at  85- ,  sp.  gr.  0'736,  volume  101, 
in  addition  to  which  diethyl  itself,  (C..H5)/j  =  C4Hirt,  boils  about  0',  sp.  gr.  about  0*62, 
volume  about  04.  Thus  the  substitution  of  Hg,  S.  and  O  scarcely  changes  the  volume, 
notwithstanding  the  difference  of  the  weights;  the  physical  influence,  if  one  may  so 
express  oneself,  of  these  elements,  which  are  so  very  different  in  their  atomic  weights,  is 
almost  alike. 

'  Therefore  in  former  times  sulphur  was  known  as  the  amphid  element. 


copper  pyrites,  CuFeS.j,  and 
of  oil.  They  are  all  also  I 
greyish  iind  have  a  metolli 
gliiMce,  PbS,  ftntiracny  glance,  Sb,S, 


pyrites,  FeSj,  which  ia  the  commonest 

glances  or  blendes  if   they  are 

-for  example,  zinc  blende,  lead 

And,  lastly,  sulphur  o 


1  this  form  in  the  most  recent  geological  forma- 
tions in  admixture  with  limestone  and  gypsum,  and  most  frequently 
in  the  vicinity  of  active  or  extinct  volcimoes.  As  the  gases  of  volcanoes 
contain  sulphur  compounds — namely,  sulphuretted  hydrogen  and  sul- 
phurous anhydride,  winch  by  reacting  on  one  another  may  produce 
Bulpliur,  which  also  fretjuently  appears  in  the  craters  of  volcanoes  as  a 
sublimate— it  might  be  imagined  that  the  sulphur  was  of  volcanic  origin. 
But  on  a  nearer  acquaintance  with  its  mode  of  occurrence,  and  more 
especially  considering  its  relation  to  gypsum,  CaSO^,  and  limestone,  the 
present  general  opinion  leads  to  the  conclusion  that  tlie  sulphur  has 
l>een  formed  by  the  reduction  of  the  gypsuiu  by  organic  matter  and 
that  its  occurrence  is  on(y  indirectly  connected  with  volcanic  agencies. 
Near  Tetusli,  on  the  Volga,  there  are  beds  containing  gypsum,  sulphui', 
and  asphalt  (mineral  tar).  In  Euro]>e  the  most  important  deposits  of 
sulphur  are  in  the  south  of  Sicily  from  Catania  to  Girgenti.'  There 
Bi-e  very  rich  deposits  of  sulphur  in  Daghestan  near  Cherk-ni  and 
Cberkat  in  Khyut,  and  in  the  Trans  Caspian  provinces;  which  are 
able  to  supply  the  whole  of  Russia  with  this  mineral.  Abundant 
deposits  of  sulphur  have  also  been  found  in  Kamtcliatka  in  the  neigh- 
bourhood of  the  volcanoes.  The  method  of  separation  of  the  sulphur 
from  ita  earthly  impurities  is  bsised  on  the  fact  that  sulphur  melts  when 
it  is  heated.  Tbe  fusion  is  carried  on  at  the  expense  of  a  portion  of 
the  sulphur,  which  is  burnt,  so  that  the  remainder  may  melt  and  run 
from  the  mass  of  the  earth.  This  is  carried  on  in  special  furnaces 
called  calcaroni.' 


>  WlienI  wmtinSkily,  Koand,  nefir  CnUnniHit  ts,  ii  ■pKimen  of  ntlphuivitli  Riineml 
tu.  lu  tha  wing  iieiglibourhood  there  ore  uaplithii  •priDgii  and  mad  volcftuoen,  \i  11111; 
be  tlut  these  Bubetnnoea  have  cedaced  tht  xulphur  fcom  gypBum. 

The  ahiet  praol  ia  favour  of  the  origin  ol  xilphur  from  grpBam  ia  that  in  treiting  the 
depnaitt  tor  the  eitnutiau  of  the  snlphor  it  in  found  that  the  pioportioQ  between  the 
culpbar  Mid  cJcLDm  carboiuite  never  eitieeda  that  which  it  would  be  liad  they  huth  bo«u 
Jnfred  frDm  calciam  lalphkle. 

'  K»tat»llyonij-tho»orBBof  sulphur wbLrLdMitainaMinBiderableiunonnt  of  snlphni' 
tui  be  treated  Ipj  tiiis  method.  With  pour  orea  it  i»  neceasiirir  to  have  tecourae  to  diii- 
llUktion  or  mevhunical  treatment  in  order  to  sepftrste  the  aulphar,  but  its  priipe  i«  lo  lev 
thM  ibia  ia  often  not  profitable. 

Tbe  aulphuF  obtained  by  tbe  above-described  inetliod  atill  contains  aome  iiDpncitie*. 
hit  it  Utrei^uently  mode  nseaf  in  this  form  lor  xaany  purposes,  and  especially  in  con- 
liderable  qnanlitiea  for  the  manufaeture  ol  xulphutie  acid,  and  for  sLrewing  over  (^pei. 
For  other  parpotes,  and  eapecisUy  in  the  prepuatioo  of  gnnpowder.  a.  purer  anlphur  14 
leqqired.    Snlphor  maj-  be  pnrifled  by  distillation.     Tha  crude  sulphur  is  called  rougR, 
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Sulphur  13  purified  by  distillation  in  special  retorts  (see  fig.  86)  hf 
passing  the  vapour  into  a  chamber  G  built  of  stone.  The  tirst  portions 
of  the  vapour  entering  into  the  condensing  chauilier  are  condensed 
straightway  from  the  vapour  into  a  solid  state,  and  form  a  fine  powder 
knoWD   03  Jli/wera  of  sulphur.''       But  when  the  temperature   of   ihe 


receiver  attains  tlie  melting  point  of  sulphur,  it  passes  into  a  liquid 
state  and  is  cast  into  moulds  (kke  sealing  u'ax),  and  it  is  then  known 
under  the  name  of  roll  sulphur.^ 


ilpbnr  refintd.     The   nrraQgaoiBnt  given  in  flg.  SB   ii  employed  for 
Tlie  rough  Bulphm  is  mellec!  id  the  boiler  d,  and  as  it  melts  il  i 
'  into  &n  iron  retort  B  heated  bj'  the  n»keA  Stme  ol  the  fonim. 
i  «>iiTerted  into  vupoDC,  irhich  paKwa  throngb  a  iriile  tabe  into  I 
walls  a.nd  fomisbed  with  n  aofety-vaJTe  B. 
>  Floweis  ot  HOlphar  idwajB  Hinlains  a  rattiun  amount  of  the  ocdes  of  anlphar. 
'  Snlphor  may  be  eitracted  by  various  other  means.    It  may  be  eitrocted  frotn  ii 
pytitea,  FeSj,  which  ia  very  widely  diatri^buted  in  natuce.     From  100  parts  of  ironpyrite* 
■boat  half  the  sulphur  contained,  namely — ibont  35  p.c. — may  ba  extracted  by  heating 
without  the  oocesB  ol  air,  a  lower  aulphide  o(  iron,  which  ii  more  itable  under  the  ■ 


and  the  distilled 
refining  Buiphur. 
through  the  tnbe  f  mto  an 
Here  the  anlphor  ia  cnnverl 
chnmber  G,  aorroanded  by 
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In  an  uncoiuhiDed  state  sulphur  exists  in  teveral  modificalioru,  and 
it  forms  nn  example  of  the  facility  with  which  iin  alteration  of  proper- 
ties can  take  place  without  a  change  of  composition — that  is,  as  regards 
t\w  material  of  a  substance.  Commoa  sulphur  has  the  well-known 
yellow  colour.  This  colour  fades  as  the  temperature  falls,  and  at  — S0° 
sulphur  is  almost  colourless.  It  is  very  brittle,  so  that  it  may  lie  easily 
converted  into  a  powder,  and  it  presents  a  crystalline  structure,  which, 
by  the  way,  sliows  itself  in  the  unequal  expansion  of  luinps  of  sulphur 
l)y  heat.  Hence  when  a  piece  of  sulphur  is  heated  by  the  warmth  of 
the  hand,  it  emits  sounds  and  sometimes  cracks,  which  probably  also 
depends  on  the  bad  heat-conducting  power  of  sulphur.  It  is  easily 
obtained  in  a  crystalline  form  by  artificial  menus,  because  although 
insoluble  in  water  it  dissolves  in  carbon  bisulphide,  and  in  certain  oils.^ 
Solutions  of  sulphur  in  carbon  bisulphide  wheu  evaporated  at  the 
ordinary  temperature  yield  well-formed  transparent  crystals  of  sulphur 
in  the  form  of  rhombic  octahedra,  in  which  form  it  occurs  native.  The 
specific  gravity  of  these  crystals  is  2'045,  Fused  sulphur,  cast  into 
ruoulds  and  cooled,  has,  after  being  kept  a  long  time,  a  specific  gravity 
5-066  ;  almost  the  same  as  that  of  the  crystalline  sulphur  of  the  above 
foi-m,  which  shows  that  common  sulphur  is  the  same  as  that  which 
eiystallises  in  octahedra.  The  speciOc  heat  of  octahedral  sulphur  is 
0'17;it  melts  at  114°,  and  forms  a  mobile  bright  yellow  litjuid.  On 
further  heating  the  fused  sulphur  undergoes  an  alteration,  which  we 
shall  presently  desciibe,  first  observing  that  the  above  octahedral  state 
of  sulphur  is  its  most  stable  form.     Sulphur  may  be  kept  at  the  ordi- 

of  haat,  being  lell  behmd.  AlknJi  waMe  (Vol,  I.  p.  R14),  containing  calcinm  latphldo  oud 
Kypanm,  C&SOi.  may  be  ue«d  for  tlie  eame  purpasa,  but  natire  ■alpbnc  \a  to  oha&p  th&b 
iMonne  can  onlj  be  hod  to  these  Bonrees  vhen  the  calcium  ralphide  ttppeKra  oa  a  wartb- 
tau  bje-prodnet.  The  most  simple  pTooesa  for  the  eTtraction  of  snlplini  from  alknh  wuate, 
in  ■  chemical  sense,  consists  in  erolring  lutpbaretted  hydrogen  [romtbocalDinmsnlpbida 
by  the  action  of  bydrochloiic  acid.  Tbe  nulphnretted  bydmgen  irheD  burnt  gives  waUir 
and  mlpbarons  anhydride,  which  reacts  on  Fresh  BUlphacetted  hydrogen  vith  Iba  aepara- 
vionof  snlphnr.  Tlie  combnetion  of  the  snlplinretUd  bj^ogen  maj  be  so  oond  acted  that 
■  mixture  of  9UiS  and  SO]  is  vtraightway  formed,  and  this  mixture  will  deposit  inlpbni 
(Chapter  XII.  Note  HI,  Coaeage  and  Chance  treat  alkali  waslu  with  carbonic  anby- 
diida,  and  inbjact  the  salphnietled  hydrogen  eTohed  to  inaomplete  combaation  (this  is 
bestdonabj  passing  a  nuMare  ofsnlphDrBtted  hjrdrogen  and  air.  taken  in  the  reqaisite 
ptDpoitions,  over  red-hot  ferric  oiide),  by  which  means  water  and  the  vapour  of  lulpbnr 
aie  formed:  H,8 -I- O -^ H,0  +  S. 

T  One  hundred  parts  of  liquid  carbon  biiDlpbido,  CS^.  disiolve  IS'G  parts  ol  snlphnr 
at  -11°,  34  parta  at  0°.  87  parts  at  1B°,  40  parts  at  aa^.  and  ISl  parts  at  BB°.  The 
■otorated  •olnCion  boils  at  GG',  whilst  pare  carbon  biaolphide  Ixiils  at  47°.  The  solution 
ol  lulpbiir  in  carbon  bisulphide  rcdnces  the  (empeialure.  jnst  aa  in  Uie  solntion  of  salts 
in  waler.  Tfatu  the  solntion  of  W  parts  of  salpbtar  in  EiO  parts  of  carbon  bisulphide  at 
W>  loweia  the  temperature  by  fi°  :  100  parts  of  lienzene,  C,H,.  dissolves  0-D6S  parts  of 
•Diphnr  at  30^,  and  4'il7T  parts  at  71° ;  cblorotomi,  CHr^l],  dissolves  1'3  parts  of  sulphui 
•I  8S',  aud  IfrBS  ports  al  171° 
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nary  temperature  in  this  foi'm  for  an  indefinite  lengtli  of  time,  nnil 
many  other  modifications  of  sulphur  paas  into  this  form  after  being  left 
for  a  certain  time  at  ordinary  temperature. 

If  sulphur  be  melted  ami  then  slightly  cooled,  so  thiit  it  forms  a 
crust  ou  the  surface  and  over  the  sides  of  the  crucible,  while  ihr 
internal  mass  remains  liquid,  then  the  sulphur  takes  another  cryslnl- 
iine  form  as  it  solidifies.  This  may  be  seen  by  breaking  the  crust,  ami 
pouring  out  the  remaining  molten  sulphur.*  It  is  then  found  that  tli« 
sides  of  the  crucible  are  covered  with  prismalic  crystaJs  of  the  niouo- 
clinic  system  ;  they  have  a  totally  different  appearance  from  the  above' 
described  crystals  of  rhombic  sulphur.  The  prismatic  crystals  are 
brown,  transparent,  and  less  tlense  than  the  crystals  of  rhombic 
sulphur,  their  specific  gravity  being  only  1-93,  and  their  melting  point 
is  higher — about  120°.  These  crystals  of  sulphur  cannot  be  kept  nt 
the  ordinary  temperature,  which  is  already  seen  froui  the  fact  that  iu 
time  they  turn  yellow  ;  also  the  specific  gravity  changes,  and  they 
pass  completely  into  the  ordinary  modification.  This  is  accompanied 
by  a  considerable  de^'elopment  of  heat,  so  that  the  temperature  of  the 
mass  may  rise  12°.  Thus  sulphur  ia  dirnvrp/ious  —that  is,  it  eiists  in 
two  crystalline  forms,  and  in  both  forms  it  has  independent  physical 
properties.  However,  no  chemical  reactions  are  kno^ini  which  distin- 
guish the  two  modifications  of  sulphur,  just  as  there  are  none  distin- 
guishing aragonite  from  calcspsr.^ 

If  molten  sulphur  be  heated  to  150°,  it  loses  its  mobility,  and 
becomes  thick  and  very  dark -col  cured,  so  that  the  vessel  containing  it 
may  be  inverted  without  the  sulphur  running  out.  Wlien  heated  above 
300°,  the  sulphur  again  becomes  liquid,  although  it  does  not  acquire  its 
original  colour,  and  at  HO"  it  boils.  These  modifications  in  the  pro- 
perties of  sulphur  depend  not  only  on  the  variations  of  temperature, 
but  also  on  a  change  of  structure.     If  sulphur,  heated  to  about  350', 

'  It  Iho  espooment  lie  mmie  in  ti  veaael  with  s  nnrrow  oupilliirj'  lube,  the  sDliihlir 
lUHHB  at  n  timet  tempenttum  |iKcDrB,a«itn'Fru',  imiiuperaataraMd  Btntt').iuid,soUili(yiag 
lit  00".  nppenra  in  »  rkumblc  form  (Schdtienbergec), 

"  If  sulphur  be  cantioady  molted  in  a  U  lute  immersed  in  a  salt  bath,  and  tiitn 
entdaalt;  cooled,  it  ia  pownble  tor  *11  the  snlphuc  Co  remain  liquid  nt  100'.  It  vill  now 
lie  in  a  state  ol  aapertaiion;  thaa  alsn  liy  cHretal  refri(;enition  water  mny  be  obtaiDed  in 
u  liquid  Btute  at  —ID",  and  a  tump  ot  i<:e  tlien  cBQBes  ancb  water  to  aeporatB  oat  ice.  and 
Ibe  temperature  rieea  to  0^  If  a  prismatic  crystal  of  snlpliut  be  thrown  inio  OJia  branch 
of  the  TT  tnbe  containing  the  liqoid  nolphur  at  100',  aud  an  octaliedral  crystal  be  Ihrowii 
into  the  otbcr  branch,  then,  aa  Gemez  showeil,  the  snlphar  in  each  branch  will  orj-nal- 
lise  in  corresponding  forms,  and  both  forma  are  obtained  at  tha  same  lempemtore; 
Iherefom  it  is  not  the  influence  of  leuiperatorp  only  which  caoseB  the  raolecules  ot 
milphuT  to  distribute  themselves  In  one  or  nnuther  form,  bat  al*o  tlie  inflaonce  ot  Ih* 
crystalline  parts  already  fomed.  Tlija  phenomenon  ia  eaaeatisUy 
phenomeas  cd  saperBaiaraled  solutiouB. 
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be  ]ioUrpil  ill  a  thin  stream  into  cold  w-ater,  it  does  not  solidify  intw  a 
solid  muss,  but  retains  its  bi-own  colour  and  remaiits  en/t,  may  Ijo 
stretched  out  into  threads,  and  is  elnatic,  like  guttapercha.  But  in 
this  soft  and  fluctile  stute,  also,  it  does  not  remain  for  a  long  time. 
After  the  lapse  of  a  certain  period  this  soft  transparent  sulphur  hnrdeiiH, 
becomes  opnijue,  passes  into  the  ordinary  yellow  modification  of  sulphui", 
and,  in  SO  doing,  develops  heat,  just  as  in  the  conversion  of  the  pris- 
matic into  the  octahedral  variety.  The  soft  sulphur  is  characterised 
by  the  fact  that  a  certain  portion  of  it  is  insoluble  in  carbon  bisulphide- 
When  soft  sulphur  is  immersed  in  this  liquid,  then  only  a  porfcion 
of  common  sulphur  passes  into  solution,  whilst  a  certain  portion  is 
•juite  insoluble,  and  remains  so  for  a  long  time.  The  maximum  pro- 
portion of  uisoluble  sulphur  is  obtained  by  heating  slightly  above  170°, 
It  melts  at  ll-i".  An  exactly  similar  in/foluble  amorjjioua  sulphur  is 
obtained  in  certain  reactions  in  the  wet  way,  when  sulphur  separates 
out  from  solutions.  Thus  sodium  tlilosu Ipliate,  Na^SjOj,  when  treated 
with  acids,  gives  a  precipitate  of  sulphur,  which  is  insoluble  in  carbon 
bisulpliide.  The  action  of  water  on  sulphur  chloride  also  gives  a 
siiiiilar  modification  of  sulphur.  Certain  sulphides,  when  treated  with 
nitric  acid,  also  yield  sulphur  in  this  form.'" 

'"  A  ceitun  Kmouiit  ol  insoluble  aulphai  remiina  (or  n  loni;  limts  iii  tbe  mu>  of  *nlt 
■Dljihut,  ctuuiging  into  the  oidinriry  TUietf.  Frialily-cooled  Baft  ealphnrcontiuna  »Lnul 
one-lhiid  td  iDuInbte  *utphar.  and  ttlet  the  lapis  of  two  years  it  ([ill  contunt  kbual 
t.  Plowew  oI  Buliiliur.  obtiined  by  tlie  rap^d  oondeuaation  ol  nilpbur  from  n  Btulu 
o(  vBponr,  *lso  coiilain*  •  certain  unount  of  ineolable  i>alpbiu,  Supidls  dUt^Ud  ami 
andentediatphur  tiaotfiattiBtaataa  jiuoluble  ra'.pliar.  HoDce  a  certain  unoant  rf 
imolnble  lalphur  in  Ireijaantly  tauiid  ia  toll  lalpbnr.  The  action  oi  light  on  ■  tolulioii  of 
•Dlpbar  converla  a  certain  portion  into  tbe  inioluble  modiflcatiou.  Inaotnbla  sulphui  iH 
of  a  lighter  colour  than  the  ocdinar;  rariet j.  It  ia  begl  prepared  by  vaporiaing  sulpliur 
a  rtrwun  of  carbonio  anhjdritle,  byiJiochloric  acid,  ic,  and  oollecting  the  yaponr  in 
cold  water.  When  coudeiined  in  this  nuumer  it  is  neaxlj  all  inuloble  in  carbon  biiiul- 
1.  It  then  hiiB  Uie  form  of  hollow  apheroida,  and  i«  therefore  ligliter  than  Iho 
son  Tariety :  ip.  gr,  I'Ha.  An  idea  of  the  inodiScationa  taking  pliue  in  HUlphui 
nn  110"  and  lGa°  nuy  be  fornied  from  the  fact  that  at  ISO°  liquid  iinlphDr  ha»  a 
mefficsient  ol  eipaniiioii  of  about  ODOOS,  whilst  between  150°  and  3E0°  it  ia  leaa  thiui 
rOOOS. 

When  a  solution  of  sniplinrettcd  hydrogen  in  water  ii  decompoaed  by  ta>  flecUin 
nmnt  the  anlphnr  ia  depodled  on  the  positive  pole,  and  baa  therefore  an  electrn. 
uefatira  cliaraoter,  iLnd  thii  sulphcr  is  aolnble  in  carbon  biaulphide.  When  a  solntion 
of  anl^EiRiui  acid  ia  decompoied  in  the  aame  nianner,  the  ntlphnr  ia  depoailed  on  the 
DCt^tiTt  pole,  and  ia  therefore  electro- poiicive.  and  the  aulphnr  ao  depoaited  ia  inwlublo 
.Id  carbon  bisulphide.  The  anlphnr  which  is  combined  with  metala  mual  have  the  pm- 
pertiei  of  the  aulphur  contained  in  aalphuretled  hydrogen,  whilst  the  tnlphDi  combined 
nith  chlorine  is  liVe  that  which  ia  combined  with  oiygen  in  anlphnrons  anhydride. 
Heuce  Berlbelat  recognises  the  presence  of  soluble  eulphnr  in  nietalhc  snlphidea,  and  of 
the  inaotnble  mudiGoatinn  of  amorphoua  anlphnr  in  mlphur  chloride.  Cloea  showed  (liat 
the  anlphoi  precipilaleil  from  aolntions  is  eilliec  suluble  or  insolnble.  acconling  is  to 
~     her  it  teporates  from  nn  alkaline  or  o^id  Bi'-ution.    If  stilphar  be  mslttd  with 
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At  tempeiaturea  of  +40°  to  TOO"  tiie  vapour  density  of  suljtliar  is 
'tfi  ppCerred  to  air — ^i.e.,  about  9C  referred  to  hydrogen.  Hence,  at 
tlieae  temperatures  the  iiwlecti/e  of  tvl/ihur  ciyiitaitu  six  atomi  ;  it  hM 
the  composition  S^.  The  agreement  between  the  observations  of  I>unMs, 
Mitscherlicb,  Bineau,  and  Deville  confimis  the  accuracy  of  this  result. 
When  heated  to  temperatui'es  above  this — namely,  at  a  lemjuiratur« 
nhmie  800^  to  1000° — sulphur  rapidly  changes  its  vapour  density  with 
respect  to  tliat  of  hydrogen  or  air.  At  tliese  temperatures  the  vapour 
density  of  sulphur  referred  to  air  is  2-2,  which  is  «iual  to  about  32 
referred  to  hydrogen.  At  this  temperature  t/ie  molecule  of  miljihur, 
like  that  of  hydrogen,  oxygen,  nitrogen,  and  chlorine,  contains  tuv 
atoim  ;  hence  the  molecular  furmula  is  then  S,.  This  variation  in  the 
viipour  density  of  aulpltur  evidently  corre5]TOnd8  witli  a  polymeric 
niodiGcation  of  sulphur,  and  may  be  likened  to  the  transformation  of 
uzone,  Oj,  into  oxygen,  Oj,  or,  better  still,  of  benzene.  C'^Hj,  into 
acetylene,  CjH,.  1 1 

K  Rmall  quantity  ot  iodine  or  bromine,  tbcn  on  poaring  oct  the  molten  niui  it  lornu  I 
ninoTiiliOBi  sulphur,  which  keeps  [or  n  vers  '""B  time,  and  i>  insoluble,  or  nnuly  m,  in  j 
vaTbOD  biHulpbidu,  This  ii  token  adnutiige  of  foe  uutlng  octtiun  articles  in  snlphor,  I 
which  retain  their  (eDscity  (or  a  long  time;  for  enample,  the^aosol  eleetricalmaehJMS. 

■>  Here,  howerer,  it  is  very  impartent  to  reniark  that  both  beuzene  and  acetyloie 
can  exist  at  the  ordinary  temperature.  uhUst  the  sulphnr  molecnle  tlj  only  exists  at  high 
Ivmperetuiei;  aoi  U  thie  sulphur  be  allowed  to  oool,  it  first  paaseii  into  Sg  and  tbeiiinta 
II  liijaid  state.  Were  it  powhle  to  have  salphur  at  the  ordinary  temperature  in  both  Um 
iilWYB  modiBcations.  then  in  all  probability  tlie  sulphur  in  the  state  S,,  would  present 
totally  different  properties  from  (hone  which  it  has  in  the  form  S,,  jntit  us  the  pnperlin 
of  gaseous  acetylene  are  far  from  being  similar  to  those  of  liquid  benzene,  which  boils  at 
W.  Sulphur,  in  the  form  Sg,  is  probably  a  sobEtaiice  which  boilti  at  a  macb  lower  tam- 
iwmture  than  tbe  variety  vith  which  we  are  now  dealing.  Patemo  and  NauQi  (1SBS|, 
loUowing  Baoult'B  method  (that  is,  tbe  (all  of  freesing-point  in  a  beniene  solution),  IbWid 
that  the  molecule  of  sulphur  in  solution  contains  Sg.  But  the  problem  of  this  aapBCt  ol 
the  matter  cannot  as  yet  be  considered  as  oltimately  solved. 

One  cannot  but  here  turn  attention  to  the  fact  that  snlphtii,  with  all  its  analogy  to 
oiygeii  {which  also  shown  itself  in  its  faculty  to  give  the  modification  S^,  ia  also  tM»  la 
give  a  serisB  of  compoauds  containing  more  sulphur  than  the  analogotu  wmpottudi 
of   oxygen.     So.   [or   instance,  compounds   of    G   atottu  ot  aulpliur  with  3  aloms   sf 

in  sulphur  a  faculty  tor  the  anion  of  a  greater  number  of  atoms  than  with  oxygsn. 
With  oxygen  tbe  lorni  of  oione,  O,.  is  very  nnsUble,  tlie  stable  form  is  O, ;  irhHit  with 
KUlpbur  Sg  is  the  Stable  form,  and  Sj  is  exceedingly  unstable.  Furthermore,  it  is  raiiusk- 
able  that  sulphur  gives  a  higher  degree  ot  oxidation  H^SO^,  corresponding,  a*  it  Wetei 
with  its  complex  composition,  it  we  suppose  that  in  Sg  four  oloms  ot  siilphai  are  npUced 
by  oxygen  and  one  by  two  atoms  of  hydrogen.  The  fonnuhe  of  its  compounda,  K^i. 
K^SjO^,  KiH],Ba3j,aHd  many  others,  have  no  analogue!  among  tile  compoDods  of  oijgea. 
They  all  correspond  with  the  form  Bg  (one  portion  ot  the  snlphar  being  replaaed  by 
oiygsn  and  another  by  nictal*),  which  ia  not  repeatsd  by  oxygen,  lu  this  faonlty  of  sub 
phuT  to  hold  mivny  atoms  of  otlier  substances  the  same  forces  appear  which  caase  many 
atoms  of  sulphur  to  form  one  complex  molecule.  This  is  also  se«n  in  other  examples: 
oxygen  gives  H,0  and  U.jO,.  and  In  an  uncombined  state  0,  and  O^;  chlorine  gives 
o>i]y  UCI,  and  in  a  Inie  state  C)j ;  sulphurgivea  both  H.jS  and  U^ti.j,  and  also  H,3j,  because 
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In  its  faoiilty  for  comhination  sulpliui"  most  closely 
oxygen  and  clilorine  ;  like  them,  it  combines  with  nearly  all  elements, 
with  the  development  of  heat  and  light,  forming  sulphur  compounds 
which,  as  was  said  above,  resemlile  the  analogous  oxygen  compounds. 
Like  oxygen,  sulphur  only  combines  with  the  majority  of  elements  at  a 
high  temperature.  At  the  ordinary  temperature  it  does  not  enter  into 
reactions,  owing,  amongst  other  things,  to  the  fact  that  it  ie  a  eolid.  • 
In  a  molten  state  it  acts  on  the  majority  of  substances — on  the  metaU 
and  the  halogens.  It  combines  with  oxygen  at  about  400°,  and  with 
carbon  at  a  red  heat ;  but  it  does  not  combine  with  nitrogen.  The 
products  of  these  reactions  will  be  afterwards  described,  and  we  will 
now  turn  to  the  compounds  of  sulphur  with  hydrogen  and  the  metals. 

The  majority  of  metals,  when  fused  or  heated  with  sulphur,  combine 
with  it.  Fine  wires,  or  the  powders  of  the  greater  number  of  metals, 
bnm  in  the  vapour  of  sulphur.  The  direct  combination  of  hydrogen 
with  sulphur  is  restricted  by  a  limit — that  is,  at  a  given  temperature 
and  other  conditions  it  does  not  proceed  unrestrictedly  ;  there  is  no 
explosion  or  recalescence.  Sulphuretted  hydrogen,  H^S,  decomposes 
at  its  temperature  of  combination — that  is,  it  is  eiksily  dissociated,'^ 
The  same  thing  is  repeated  here  as  with  water,  only  tlie  limits  of  the 
temjwratures  at  which  the  attraction  of  hydrogen  for  sulphur  begins 
and  ceases  are  much  closer  tlian  in  the  case  of  oxygen  and  hydro- 
gen. The  temperature  at  which  combinatiim  takes  place  is  here, 
as  in  many  other  instances,  the  same  as  that  at  which  dissociation 
begins.     Therefore,  tuljihuretttid  hydrogen  is  formed  in  a  small  quantity 


in  ■  tree  state  it  it  able  to  contam  &,  ■□()  Sc,  and  jirobsbl}-  bIso  S,.  If.  lU  »e  know,  them 
is  an  alomic  analogy  l>etwu«u  ozuue,  0:i.  and  H^O^,  «i  in  U-jS,  there  wunid  Iw  an  ntnuiic 
analogy  to  Sj. 

■'  In  the  formation  o[  potHBsiuui  salpliide.  K^S  (that  is.  in  the  combination  ot  m 
paiti  d!  ■nlpbni'  with  TB  parts  ot  potassiuin).  about  lOU  Ihoaaaud  beat  aaits  are  dem- 
loped.  Nearly  aa  mnch  heat  ia  deroloptrd  iu  the  combination  ot  an  eqniTa!eut  (|aantity 
ol  aodiom ;  aboat  90  tbontand  heat  anits  in  the  lormation  ot  caloium  or  ■Irontinin  (dI. 
pbide,  aboat  10  thoneand  (or  linc  or  cadminm  mlphidH,  and  about  ao  tlioasund  tor  inm, 
oobalt,  or  nickel  BDlpbide.  Leaa  heat  is  eToWed  m  the  combination  ot  mlphar  with 
copper,  lead,  and  biIvht.  Acconling  to  TliomBeci.  saiphac  deveIo|)B  beat  vith  hjdrogen 
in  ■alutiocs ;  tbtietbe  reaction  Ij,Aq.H]S  —  ait)tll)  calories — that  U(iu  the  prcaence  o(  eiceu 
ol  Bat«r),  *.  BofBcient  amoonl  of  heat  i>  dereloped  lo  raise  the  tempenttore  of  SlSHlt 
grama  of  water  1"  C.  Bat.  as  the  reaction  I,  -t-  H,  -f  Alj  develops  90349  calories,  it  tollotn 
Ibal  tbe  reaction  H,  +  S  develops  4E19  calories.  We  here  add  the  amounts  of  heat  dere- 
loped by  the  comhination  of  the  other  aon-metals  with  hydrogen,  also  according  to  Thorn- 
sen,  (H.Cl)'*  39001 ;  (H,Br>- 8440;  (U.I) --601)6  (heat  is  absorbed)  ;<».Hs)^a<IT0TT(C,H4) 
-90430;  (C^H4)-10eaO;  <C„U,)~ -G»Oia.  For  tbe  present  it  can  only  be  said,  with 
respect  to  combinaliDn  with  hydrogen,  that  in  e«eh  group  of  non.melala  the  elements 
with  mull  atomic  weights  (csfboti,  nitrogen,  oxygen,  chlorinel  develop  heat  in  «nn- 
biaing  with  bj-drof^.  and  those  having  larger  atomic  weights  eilhcT  develop  less  beat 
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by  the  diret't  ii^nition  of  a  mixture  of  the  vapour  of  sulphur  and 
hydrogen.  However,  the  teuipernture  must  not  be  high,  because  other- 
wise the  whole  of  the  sulphuretted  hydrogen  is  decomposed  ;  but  lit 
lower  temperatures  n.  small  amount  of  sulphuretted  hydrogen  is  formnl 
by  direct  combination,'*  Sulphuretted  hydrogen,  like  all  other  hydrogen 
compounds,  may  be  easily  obtained  by  the  double  decomposition  of  its 
corresponding  metallic  compounds,  by  replacing  the  metal  by  hydrogen 
by  the  action  of  acids  on  their  sulphides.  The  metallic  sulphides  are, 
as  a  rule,  easily  formed,  and  some  are  even  met  with  in  nature.  A 
sulphide,  when  mixed  with  a  non-volatile  acid,  may  give,  by  double 
decomposition,  a  salt  of  the  acid  taken  and  sulphuretted  hydrogen. 
M,S-l-H;80j=H.jS-|-M2SO,.  However,  it  is  not  all  sulphides  nor 
solutions  of  all  acids  that  will  evolve  sulphuretted  hydrogen,  which 
is  exceedingly  characteristic,  because,  for  example,  all  carbonates 
evolve  carbonic  anhydride  when  treated  with  any  acid.  Sulphuric 
acid  will  only  evolve  sulphuretted  hydrogen  from  those  sulphides  which 
contain  a  metal  capable  of  decomposing  the  acid  with  the  evolution  of 
hydrogen.  Tlius  zinc,  iron,  calcium,  magnesium,  manganese,  potassium, 
sodium,  iSic,  form  sulphides  which  evolve  sulphuretted  hydrogen  when 
treated  with  sulphuric  acid,  and  the  metals  themselves  evolve  hydrogen 
with  acids."     The   sulphides   of  those  metals  which  do  not  liberate 

1'  If  Hnlplmr  Is  melted  in  t.  floHk  nnd  heated  io  nearly  itfl  boiling  point,  thta,  M 
LidoS  allowed,  the  addition,  drop  b;  drogi  (fnioi  a,  tunnel  with  a  atop-oock)  of  heavy  10^1 
nuphtlift  oil  (of  lubricsting  oleonaphtha),  &c.,  is  followed  by  a  retrnlar  eTolation  of  ral- 
jihnretted  bydrogen.  This  is  analogous  to  the  action  of  bromine  or  iodine  on  pmBn 
and  other  oils,  because  hydrobromic  or  hydriodic  acid  is  Ihen  turmed  (Cbaptei  XI.).  A 
certnin  amount  of  hydrogou  nalphide  is  even  formed  vhen  salphnr  is  boiled  with  walflt. 

'*  However,  the  matter  is  really  much  more  complicated.  Than  zinc  enlphida  erolrei 
sulphuretted  hydrogen  with  sulphuric  or  hyilrochlorie  ncids,  but  does  not  nuet  with 
acetic  acid  and  is  oiidised  by  uitriu  aeid.  Bo,  also,  ferrous  sulphide  erolves  sBlphuieHed 
liydrogen  nith  acids,  whilst  the  bisulphide,  PeSg,  on  the  coBtiory,  does  not  react  with 
feeble  acids.  This  absence  of  action  depends,  among  other  thiogs,  on  the  form  In  wlueh  the 
native  iron  pyrites  oconra ;  it  is  a  crystalline,  compact,  and  very  dense  substance,  which 
is  totally  insolnble  in  water ;  and  acids  in  geusTB]  react  with  great  difflcultx  on  such 
metallic  sulphides,  This  is  seen  very  cienriy  in  the  case  of  line  sulphide  ;  tf  Ibis  snb- 
slance  is  obtnhied  by  double  decomposition,  it  separates  u  a  while  precipitate  wkicb 
evolTss  snlphoretted  hydrogen  with  great  esse  when  treated  with  acids,  Zinc  lulpbida 
is  obtained  in  the  same  form  when  zinc  is  fused  vith  sulphur,  but  OBtive  linc  aalphidt— 
whiohoccars  in  compact  masses,  kiion-n  onder  the  name  of  nnc  blende,  and  has  a  inetalUe 
lustre — is  not  decomposed  or  scarcely  decomposed  by  sulphuric  acid. 

Another  sonrce  of  complication  in  the  behavioar  of  the  motalUc  sulphides  towards 
acids  depends  on  the  action  of  water,  end  is  shown  in  the  fact  that  the  af  tioD  varies  with 
different  degrees  of  dilution  or  proportion  of  water  present.  The  best  known  elample 
of  this  is  seen  with  antimonioas  sulphide,  3b,8],  Iwouse  strong  hydrochloric  add,  CoB- 
toitiing  not  more  water  than  cnrreHponds  with  HC1,SH]0,  even  decomposes  nMire  aali- 
nony  glance,  witli  evolntion  of  sulphuretted  hydrogen,  whilst  dilute  acid  lias  no  action, 
and  in  the  presenoe  of  an  eiceBs  of  water  the  reaction  9SbCli  +  8H.jS  =  ab.jSj+6HCl 
occurs,   nbilsl  in  the  presence  of  b  iiuall  aniouiit   of   Wtitar  the  reaction  proceuda  la 
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hydrogen  from  acids  do  not  generally  act  on  acids^that  is.  do  not 
form  sulphuretted  hydrogen  with  them  ;  such  are,  for  exJiniiile,  the 
Bolphidea  of  lead,  silver,  copper,  mercury,  tin,  Ac.  Therefore,  the 
Biodiis  operandi  of  the  formation  oE  sulphuretted  hydrogen  by  the  action 
of  a<:ids  on  luetallic  sulphides  may  be  looked  on  as  a  phenomenon 
of  the  combination  of  hydrogen,  nt  the  moment  of  its  evolution,  with 
the  sulphur,  which  ie  combined  wttli  the  metal,  Such  a  representation 
is  all  the  more  simple,  as  all  the  circumstances  under  which  sulphuretted 
hydrogen  is  formed  are  exactly  similar  to  the  conditions  of  the  forma- 
tion of  hydrogen  itself.  Thus  the  usual  mode  of  preparing  sulphuretted 
hydrogen  is  by  the  action  of  mi/p/mric  acid  nn  /erroim  giilj/hide,  in 
which  the  same  apparatus  and  method  is  employett  as  in  the  prepara- 
tion of  hydrogen,  only  replacing  the  metallic  iron  or  zinc  by  fen-ous 
sulphide  or  zinc  sulphide.  The  reaction  between  sulphide  of  iron  and 
sulphuric  acid  takes  place  at  the  ordinary  temperature,  and  is  acconj- 
panied  by  the  same  inconsiderable  development  of  heat  as  itj  tlie 
liberation  of  hydrogen  itaelf,  FeS  +  H^SO,=FeSO,  +  HiS.'* 

In  natuiv  sulphuretted  hydrogen  isi  formed  by  many  means.  The 
most  usual  method  of  its  formation  is  by  the  decomposition  of  albu 
minous  substances  containing  sulphur,  as  has  been  mentioned  above. 
Another  method  by  which  sulphuretted,  hydrogen  is  formed  iii  nature 
IB  by  the  reducing  action  of  organic  matter  on  sulphates,  and  by  the 


eucily  the  <ni[ioBite  airection.  Here  the  pnrlicipaiion  of  water  in  Oia  reaction  ami  its 
■JDiii^  ue  evidenl.  and  thU  is  clearly  uprpsitei!  in  Uxe  thermoclieiiuoBl  dsla,  at  has  biwii 
putiaUy  eipUined  previouiily,  papwiall;  in  Chap.  X.  Note  27. 
^  The  Ucta  thu  \eiA  Hulpliide  is  insolable  in  acids,  that  tine  mlphide  is  aolnble  in 
hfdrachlorio  acid  but  ineolnble  in  acetic  luid,  that  calcium  sulphide  i>  eteu  iIi)c<iin]>o«Fi] 
bjr  aubonie  acid,  £g. — all  tiiese  pecnliorities  of  the  aalpliidea  are  in  correlation  with  the 
Uioniit  uf  heat«volT«d  iu  tbe  teaotion  of  the  oxidei  with  hydrogen  (ulphide  and  with 
adds,  M  is  seen  from  the  observations  o[  Fai-re  and  Silberman,  and  from  the  comparisons 
made  by  Berthdlot  in  the  ProceediogB  of  the  Paris  Academy  ol  8oieDOBS,  18T0,  to  wbieh 
Va  refer  the  reader  for  Inithei  details. 

"  Ferrout  mlphide  is  tomiod  by  healing  a  piete  of  iron  to  an  iiidpient  while  heat, 
■odthen  removing  it  from  the  furnace  and  bringing  it  into  contact  with  a  piece  of  sulphur. 
Combination  then  proceeds,  accompanied  by  the  development  of  heat,  and  the  ferrous 
•nlphide  forme.)  fnses  (To).  I.  p.  3).  The  sulphide  ol  iron  thus  formed  is  ■  block,  ea«ily- 
tasible  snbHtanc^e,  iuaolable  in  water.  When  damp  it  atlractaoiygen  from  the  oil,  and  is 
onveited  into  green  vitriol,  FeSO,.  If  all  the  iron  does  not  combine  with  the  fialphnr 
in  tbe  method  described  above,  the  action  ol  aulpliurio  acid  will  evolve  hydrog*"  »»  well 
shydnigen  sulphide. 

We  will  not  deMcribe  the  details  respecting  the  preparation  of  snlphnretteil  li}*drogen 
employed  aca  recigent  in  tbe  laboratory,  baeauae.  in  the  Hrat  pla«e.  tbe  methods  are 
HDtially  llie  same  us  in  the  ]>repantinn  o(  hydrogen,  and.  in  the  second  place,  becanae 
the  ^tporatus  and  method  employed  are  always  idescribed  in  teit-books  of  analytical 

nistry.     Ferrous  tolphide  may  be  odvanlageoasly  replaced  by  calciom  iinlphide  or  a 

tore  of  caleinm  and  raagnesinm  sulphides.  A  solution  of  magnesium  hydrotniphide, 
|[B3,H]9,  is  very  convenient,  as  at  (X>°  it  svolvea  a  stream  of  pure  hydrogen  rotphide. 
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Acuon  of  wmter  and  carbonic  acid  on  the  sulphides  formed  by  thii 
r^luotiou.  A  third  source  of  sulphuretted  hydrogen  in  nature  is  by 
\A^Io»nio  eruptions.  Although  sulphuretted  hydrogen  is  formed  in 
siu:iU  ^|uautities  everywhere  in  nature,  it  nevertheless  soon  disappears 
tnuii  tiio  atmosphere,  owing  to  its  being  easily  decomposed  by  oxidising 
AgtMKMes.  Many  mineral  waters  contain  sulphuretted  hydrogen,  and 
*m^n  of  it ;  they  are  called  *  sulphur  waters.' 

Sulphuretted  hydrogen,  at  the  ordinary  temperature,  is  a  colourless 
pi$«  having  a  very  unpleasant  odour.     It  has,  as  its  composition  H^S 
sIk^ws,  a  specific  gravity  seventeen  times  greater  than  hydrogen,  and 
thon^foi*e  it  is  somewhat  heavier  than  air.    Sulphuretted  hydrogen  lique- 
jira  at  about  —  74**,  and  at  the  ordinary  temperature  when  subjected  to  a 
pnv'^ure  of  10  to  1.5  atmospheres  ;  at  —85°  it  is  converted  into  a  solid 
orystalline  mass.     Liquid  sulphuretted  hydrogen  is  most  easily  obtained 
by  t!ie  decomposition  of  hydrogen  polysulphide,  which  we  shall  pre- 
sently describe,  by  the  action  of  heat,  and  in  the  presence  of  a  small 
amount  of  water.     If  poured  into  a  bent  tube,  like  that  described  for 
the  liquefaction  of  ammonia  (Vol.  I.  p.  248),  the  hydrogen  polysulphide 
is  decomposed  by  heat,  in  the  presence  of  water,  into  sulphur  and  sul- 
phuretted hydrogen,  which  condenses  in  the  cold  end  of  the  tube  into 
a  colourless  liquid.     The  easy  liquefaction  of  sulphuretted  hydrogen 
is  evidently  allied  to  its  solubility.     One  volume  of  water  at  0°  dis- 
solves 4*37  volumes  of  sulphuretted  hydrogen,  at  10°  3*58  volumes, 
and  at  20°  2*9  volumes. ^^     The  solutions  impart   a  very  feeble   red 
coloration  to  litmus  paper.     This  gas  not  only  has  a  very  unpleasant 
odour,  but  it  is  poisonous.     One  part  in  fifteen  hundred  parts  of  air 
will  kill  birds.     Mammalia  die  in  an  atmosphere  containing  ^^  of 
this  gas. 

Sulphuretted  hydrogen  is  very  easily  decomposed  into  its  component 
parts  by  the  action  of  heat  or  a  series  of  electric  sparks.  Hence  it  is 
not  surprising  that  sulphuretted  hydrogen  undergoes  change  under  the 
action  of  many  substances  having  a  considerable  affinity  for  hydrogen 
and  oxygen.     Very  many  metals  '^  evolve  hydrogen  with  sulphuretted 

*•*  Sulphuretted  hydrogen  is  still  more  soluble  in  alcohol  than  in  water ;  one  volume 
ftt  the  ordinary  temperature  dissolves  as  much  as  eight  volumes  of  the  gas.  The  solutions 
in  water  and  alcohol  undergo  change,  especially  in  open  vessels,  owing  to  the  fact  that 
the  water  and  alcohol  dissolve  oxygen  from  the  atmosphere,  and  this  acts  on  the  sul- 
phuretted hydrogen,  forming  water  and  sulphur.  The  solution  may  be  so  altered  in  this 
manner  that  every  trace  of  sulphuretted  hydrogen  disappears.  Solutions  of  sulphuretted 
hydrogen  in  glycerin  change  much  more  slowly,  and  may  therefore  be  kept  for  a  long  time 
as  reagents.  De  Forcrand  obtained  a  hydrate,  HaSjlCHjO,  resembling  the  hydrates  given 
by  many  gases.  The  data  given  by  Cailletet  and  De  Forcrand  show  that  at  80°  this 
crj 'fttallo-liydrate  breaks  up,  even  under  pressure. 

^'  Some  metals  evolve  hydrogen  from  sulphuretted  hydrogen  at  the  ordinary  tem- 
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Bydrogen,  so  thut  in  this  respect  it  presents  the  property  of  an  acid  ;  for 
instance,  2H,S+Sn=2Hj  +  SnS5.  This  may  be  taken  advantage  of  for 
determining  the  composition  of  sulphu  retted  hydrogen,  because  a  given 
volume  then  leaves  the  same  volume  of  hydrogen.  On  the  other  hand, 
oxygen,'*  chlorine,'^  and  even  iodine  decompose  sulphuretted  hydrogen, 
removing  the  hydrogen  from  it  and  leaving  free  sulphur,  so  that  in 
this  reaction  the  sulphur  is  replaced  by  the  above-named  elements  ;  for 
example,  Hj8  +  Er^^2HBr+S.  In  no  other  hydrogen  compound  is 
it  so  easy  to  show  the  gvhetitufion,  both  of  hydrogen  and  of  the  ele- 
ment combined  with  it,  as  in  hydrogen  sulphide.  This  clearly  shows 
the  feeble  union  between  the  elements  forming  this  gas.  Compounds 
containing  a  considerable  amount  of  oxygen,  and  which  easily  part 
with  it,  can  accomplish  the  separation  of  the  sulphur  very  easily.  Such 
are,  for  instance,  nitrous  acid,  chromic  acid,  and  even  ferric  oxide  and 
the  higher  oxides  like  it.  Thus,  if  sulphuretted  hydrogen  be  passed 
into  a  solution  of  chromic  acid  or  an  acid  solution  of  ferric  oxide, 
then  the  oxygen  of  the  substance  in  solution  acts  on  the  hydrogen  of 
the  sulphuretted  hydrogen  and  forms  water,  and  thi  siil/'hur  is 
efparaied  in  a  Jrf  gtate.  Thus,  sulphuretted  hydrogen  acts  as  a 
rtdueinff  aijenl,  in  virtue  of  the  hydrogen  it  contains.  Salts  of  iodic, 
chlorous,  chloric,  and  other  acids  are  reduced  by  sulphuretted  hydrogen, 
their  oxygen  acting  mainly  on  the  hydrogen  of  the  sulphuretted 
hydrogen  ;  but,  in  the  presence  of  an  excess  of  a  powerful  oxidising 
agent  a  portion  of  the  sulphur  may  also  be  oxidised  into  sulphurous 
anhydride.  The  reducing  action  of  sulphuretted  hydrogen  is  frequently 
applied  in  chemical  manipulations  for  the  preparation  of  lower  oxides, 
and  for  the  conversion  of  certain  oxygen  compounds  into  hydrogen 
compounds  ;  thus,  the  higher  oxides  of  nitrogen  are  converted  into 
ammonia  by  it,  and  in  the  presence  of  alkalis  the  nitro-compounds  are 
converted   into  ammonia  derivatives.      The  reaction  of  sulphuretted 

perkture.  Far  PXBmple,  the  liglit  metaln.  nni  <ropper  and  silver  (eBpecislljr  with  the 
ocoeHot  air?)  unong  the  heavy  metaU.  Henes  articles  made  of  ailver  turn  hUok  iu  the 
piHenoe  of  Taponra  cwntainine  unlphurettoii  lij-ilrogen.  becauw  lilTer  lulphide  is  birulr. 
HercorralH)  ilwo<niio>e>i  enlrburetted  hydrogen  at  the  ordinary  tetuperstare.  but  sloirly, 
like  the  above  two  metala,  and  therefore  ii!thoughBQlphurelt*dhydro)[eB  maybe  i»U*tt*d 
over  mercury,  it  cannot  be  kept  aloog  with  it.  Zinc  and  csdminm  act  at  a  red  heal,  but 
not  poinplet«ly. 

"  It  Bulphnretlod  bydrogen  eBcapen  from  a  9ne  orifice  into  the  air.  it  will  bum  tvhea 
lighted,  and  be  trsnsformed  into  >n)phnrou>  anhydride  and  water.  Bat  if  it  buma  in  a 
limited  (apply  of  ait— fnr  institnce,  when  a  cylinder  >»  filled  with  it  and  lighted— Uien  only 
the  hydrogen  bumo.  which  has,  judging  from  the  ajnount  of  heat  developed  in  its  com- 
boitioD  and  from  all  its  propertiea,  a  greater  aiHnity  for  oxygen  than  mlphur.  In  thia 
tMpect  the  combUBtion  of  snlpharetted  hydrogen  Tpaembtea  that  of  hydrwarbona. 

"  Heoce  bleaching  powder  and  chlorine  destroy  the  stench  of  aalpburetted  hydrogen. 
'  a  of  hydrogen  mlphidB  and  iodine,  tte  ToL  I.  p.  IBS.) 
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by  the  direct  ignition  of  a  mixture  of  the  vapour  of  sulphur  and 
hydrogen.  However,  the  temperature  must  not  be  high,  because  other- 
wise the  whole  of  the  sulphuretted  hydrogen  is  decomposed  ;  but  at 
lower  temperatures  a  small  amount  of  sulphuretted  hydrogen  is  formed 
by  direct  combination.^^  Sulphuretted  hydrogen,  like  all  other  hydrogen 
compounds,  may  be  easily  obtained  by  the  double  decomposition  of  its 
corresponding  metallic  compounds,  by  replacing  the  metal  by  hydrogen 
by  the  action  of  acids  on  their  sulphides.  The  metallic  sulphides  are, 
as  a  rule,  easily  formed,  and  some  are  even  met  with  in  nature.  A 
sulphide,  when  mixed  with  a  non- volatile  acid,  may  give,  by  double 
decomposition,  a  salt  of  the  acid  taken  and  sulphuretted  hydrogen, 
M2S4-H2S04=H2S4-M2S04.  However,  it  is  not  all  sulphides  nor 
solutions  of  all  acids  that  will  evolve  sulphuretted  hydrogen,  which 
is  exceedingly  characteristic,  because,  for  example,  all  carbonates 
evolve  carbonic  anhydride  when  treated  with  any  acid.  Sulphuric 
acid  will  only  evolve  sulphuretted  hydrogen  from  those  sulphides  which 
contain  a  metal  capable  of  decomposing  the  acid  with  the  evolution  of 
hydrogen.  Thus  zinc,  iron,  calcium,  magnesium,  manganese,  potassium, 
sodium,  etc.,  form  sulphides  which  evolve  sulphuretted  hydrogen  when 
treated  with  sulphuric  acid,  and  the  metals  themselves  evolve  hydrogen 
with  acids. *^     The   sulphides   of  those  metals  which  do  not  liberate 

1^  If  sulphur  is  melted  in  a  flask  and  heated  to  nearly  its  boiling  point,  then,  as 
Lidoff  showed,  the  addition,  drop  by  drop  (from  a  funnel  with  a  stop-cock)  of  heavy  (0*9) 
naphtha  oil  (of  lubricating  oleonaphtha),  &c.,  is  followed  by  a  regular  evolution  of  sul- 
phuretted hydrogen.  This  is  analogous  to  the  action  of  bromine  or  iodine  on  paraffin 
and  other  oils,  because  hydrobromic  or  hydriodic  acid  is  then  formed  (Chapter  XI.).  A 
certain  amount  of  hydrogen  sulphide  is  even  formed  when  sulphur  is  boiled  with  water. 

^*  However,  the  matter  is  really  much  more  complicated.  Thus  zinc  sulphide  evolves 
sulphuretted  hydrogen  with  sulphuric  or  hydrochloric  acids,  but  does  not  react  with 
acetic  acid  and  is  oxidised  by  nitric  acid.  So,  also,  ferrous  sulphide  evolves  sulphuretted 
hydrogen  with  acids,  whilst  the  bisulphide,  FeS^,  on  the  contrary,  does  not  react  with 
feeble  a<;ids.  This  absence  of  action  depends,  among  other  things,  on  the  form  in  which  the 
native  iron  pyrites  occurs ;  it  is  a  crystalline,  compact,  and  very  dense  substance,  which 
is  totally  insoluble  in  water;  and  acids  in  general  react  with  great  difficulty  on  such 
metallic  sulphides.  This  is  seen  very  clearly  in  the  case  of  zinc  sulphide ;  if  this  sub- 
stance is  obtained  by  double  decomposition,  it  separates  as  a  white  precipitate  which 
evolves  sulphuretted  hydrogen  with  great  ease  when  treated  with  acids.  Zinc  sulphide 
is  obtained  in  the  same  form  when  zinc  is  fused  with  sulphur,  but  native  zinc  sulphide — 
which  occurs  in  compact  masses,  known  under  the  name  of  zinc  blende,  and  has  a  metallic 
lustre — is  not  decomposed  or  scarcely  decomposed  by  sulphuric  acid. 

Another  source  of  comphcation  in  the  behaviour  of  the  metallic  sulphides  towards 
acids  dex)ends  on  the  action  of  water,  and  is  shown  in  the  fact  that  the  action  varies  with 
different  degrees  of  dilution  or  proportion  of  water  present.  The  best  known  example 
of  this  is  seen  with  antimonious  sulphide,  Sb^Ss,  because  strong  hydrochloric  acid,  con- 
taining not  more  water  than  corresponds  with  HCljCH^O,  even  decomposes  native  anti- 
mony glance,  with  evolution  of  sulphuretted  hydrogen,  whilst  dilute  acid  has  no  action, 
and  in  the  presence  of  an  excess  of  water  the  reaction  2SbCl5  +  8H2S  =  Sb^Sj  +  6HC1 
occurs,  whilst  in  the  presence  of  a  small  amount  of  water  the  reaction  proceeds  i^ 
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hydrogen  from  acids  do  not  generaliy  act  on  acids^thftt  is.  do  r 
form  sulphurctCed  hydrogen  with  them  ;  such  are,  for  eKaiiiple,  the 
Kulphides  of  lead,  eilver,  copper,  mercury,  tin,  ic.  Therefore,  the 
nuidua  operandi  of  the  formation  of  sulphuretted  hydrogen  by  the  action 
of  acids  on  metallic  sulphides  may  be  looked  on  as  a  phenomenon 
of  the  combination  of  hydrogen,  at  the  moment  of  its  OTolution,  with 
the  sulphur,  which  is  combined  with  the  metal.  Such  a  representation 
is  all  the  more  simple,  as  all  the  circunista.nces  under  which  sulphuretted 
hydrogen  is  formed  are  exactly  similar  to  the  conditions  of  the  forma- 
tion of  hydrogen  itself.  Thus  the  usual  mode  of  preparing  sulphurettwl 
hydrogen  is  by  the  action  of  siil/ilinric  acid  on /errons  gnlj'hide,  in 
which  the  same  apparatus  and  method  is  employed  as  in  the  prepara- 
tion of  hydrogen,  only  replacing  the  metallic  iron  or  zinc  by  fermus 
sulphide  or  zinc  sulphide.  The  reaction  between  sulphide  of  iron  and 
Kulphuric  n^id  takes  place  at  the  ordinary  temperature,  and  is  accom- 
panied by  the  same  inconsiderable  development  of  heat  as  in  the 
liberation  of  hydrogen  itself,  FeS-|-H;SO,=FeSOj-FHiS.'' 

In  nalvr«  sulphuretted  hydrogen  is  formed  by  many  means.  Tho 
most  usual  method  of  its  formation  is  by  the  decomposition  of  albu 
minous  substances  containing  sulphur,  as  has  been  mentioned  above. 
Another  method  by  which  sulphuretted  hydrogen  is  formeil  in  nature 
is  by  the  reducing  action  of  organic  matter  on  sulphates,  and  by  tho 


:leuJ J  eipreuicil  i»  tlie  thermocliemica]  data,  aa  lias  bwa 
putiullf  etpUincd  pravionglji  especully  in  Chiip.  X.  Sate  ST. 

The  facU  tluit  lead  sniphida  it  ineolublu  in  »ii\3s,  that  line  sulphide  is  salnLle  in 
bfdroclilano  iicid  bot  ioBolnblii  in  acstiD  acid,  that  onloiani  aulphido  ia  even  dwomponcJ 
ti;  ctibonic  aciil,  J;c.— all  Iheae  pecaliuities  of  Ihe  BulphideH  ars  ia  corTBlBtiFia  uitb  th« 
Amount  of  heat  waived  in  the  reaction  ot  the  o^iileb  wjth  hydrogen  aulphide  and  nith 
Midi,  ui*  •eeiiffuiatheobaBrTtttionaofFavreanJ  Silbermuii.and  (roro  theeompuritoui 
nude  by  BertheiDt  in  the  Procaedings  of  Ibe  Pinrie  Acsdemy  ol  Scienoea,  1870,  to  which 
vre  refer  the  rei4deT  (or  farther  daUila. 

]A  FffTrout  tutphide  is  forxaed  by  hufttiug  a  piece  of  iron  to  lui  incipient  wbitft  beat, 
Mid  then  relDOving  it  from  the  tomiun  andbrin^'ing  it  into  nntact  with  a  piece  of  Enlphur. 
CamUnktian  then  proceeda,  ftccompanicd  by  the  develapnient  of  hcut,  and  the  lerraue 
imlphide  fanned  tnaes  (Vol.  I.  p.  B).  Tlie  gulphtde  of  iron  thuH  formed  is  n  hlack,  eauiy- 
fmrible  aubatance.  inaolnble  in  water.  When  Aanxp  it  attractaoxygaa  from  tbe  air,  and  ■!< 
conrerted  into  green  Titriol,  PeSO^.  If  atl  the  iron  Hon*  not  combine  with  the  sntphnr 
in  the  method  deacribed  above,  the  action  of  sulphuric  acid  will  evolve  hydrogen  aa  well 
aa  hydrogen  inlphide. 

We  will  not  deaoribe  the  detaila  respecting  the  preparation  of  solpbnretled  hydrogen 
employed  u  a  reagent  in  the  laboratory,  becnuae.  in  the  Hrat  place,  the  methodi  are 
■aaaptjailj  the  same  na  in  the  preparation  of  hydrogen,  and,  in  the  aecoud  place,  becauu 
tba  ^iparatoa  and  method  employed  ore  aluaya  deaeribed  in  text-booka  of  analytical 
ehemiitry.  Ferrona  inlphide  may  be  advantageously  replaced  by  calcinm  anlphida  or  a 
miitnn  of  calcium  and  magneeiDni  aulphidub.  A  Bolutitm  of  magneainm  hydrotnlphide, 
KgSiBlS,  ia  very  conreaient,  ai  at  DO-  it  evolves  a  ttreem  of  pare  h^drogso  sulphide. 
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metallic  sulphides.  Hence,  for  instance,  there  exists  a  compdond 
of  sulphuretted  hydrogen  with  potassium  sulphide,  potassium  hydro- 
sulphide,  2KHS=K58  +  HsS,  just  as  there  are  potassium  hydroxides  ; 
but  there  are  scarcely  any  compounds  of  sulphuretted  hydrogen  with 
the  sulphides  corresponding  with  acids.  Thus  sulphuretted  hydrogen 
corresponds  with  the  sulphides  of  the  metals,  and  these  may  be  regarded 
either  as  salts  of  sulphuretted  hydrogen  or  Rs  oxides  of  the  metals  in 
which  the  oxygen  is  replaced  by  aulphur.  In  genera!  terras  the 
sulphides  exhibit  the  same  degrees  of  difference  with  respect  to  their 
eolubility  in  water  as  do  the  oxides.  Thus  the  oxides  of  the  alkali 
^inetals,  and  of  some  of  the  metals  of  the  alkaline  earths,  are  soluble  In 
whilst  those  of  nearly  all  the  other  metala  are  insoluble.  The 
same  may  be  said  as  to  the  sulphides ;  the  sulphides  of  the  metals 
of  the  alkalis  and  of  the  alfealiue  earths  are  soluble  in  water,  whilst 
those  of  the  other  metals  are  insoluble.  Those  metals,  like  alu- 
minium, whose  oxides — for  example,  Al.jOj— have  intermediate  pro- 
perties and  do  not  form  compounds  with  feeble  acids,  at  least  in  a 
wet  way,  also  do  not  form  sulphides  by  this  method,  although  these 
may  be  obtained  indirectly.  The  sulphides  of  the  other  metals 
are  even  formed  in  a  wet  way,  and  with  particular  ease  if  tUey  are 
insoluble  in  water.  In  this  case  their  salts  enter  into  double  decom- 
position with  sulphuretted  hydrogen,  or  with  soluble  sulphides,  and 
give  an  insoluble  sulphide— for  instance,  a  salt  of  lead  gives  lead 
sulphide  with  sulphuretted  hydrogen.  The  sulphuretted  hydrogen 
then  separates  the  metal  from  its  salts  in  a  state  of  combination  with 
sulphur,  if  the  corresponding  sulphide  be  insoluble  in  acid,  as,  for 
example,  lead  sulphide.  This  depends  on  the  fact  that  by  the  action 
of  sulphuretted  hydrogen  on  a  salt  of  such  a  metal,  a  free  acid  must  be 
formed  besides  the  metallic  sulphide.  Thus  if  a  metal  M  be  in  a  state 
of  combination  MX,,  then  by  the  action  of  sulphuretted  hydrogen 
there  will  be  formed,  besides  MS,'*  an  acid  2HX.  It  is  evident  that 
sulphuretted  hydrogen  will  not  precipitate  an  insohible  sulphide  froni 
the  salts  of  those  metals  whose  sulphides  react  with  free  acid,  such  as 

"  Duriag  the  latit  seven  years  (Srhu1z.e.  ISSQI  it  has  been  found  ihaX  nmnj  metallio 
snlphicieB  nhich  were  considered  totally  inaolable  dn,  under  certain  cireamstanceB,  form 
very  nnstiblo  mlntions  in  WBtei,Mh»a  been  mentioned  in  Vol.1.  p.M.  Note  67.  TowhM 
has  alreod;  been  mentioned  in  llut  note  it  is  impossible  to  odd  itnythinK  more  definito 
than  that  a  colloidal  Mate  and  a  passage  into  solution  are  alsn  known  (or  many  oiideH 
(silica,  alumina,  stounio  oxide,  tndybdio  acid,  and  otheii),  and  tlie  analogy  of  the  pbeno- 
menu  o[  this  class  leads  one  to  hope  for  the  appeaianoe  of  furtliei  generalieation  and 
systematic  research  in  this  direction.  Arsenic  lolpliide  is  very  easily  obtained  in  ths 
form  o(  a  solntinn  (hydroiol).  Solntiona  ol  copper  and  codminm  sulphides  may  also 
be  easily  obtained  by  piecipitatini;  their  salts  CnX^  or  CdX^,  with  ainmoniam  sulphide, 
and  washing  the  preoipilate;  but  they  are  ie-precipltat«d  by  the  addition  of  foreign  salts. 
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sine,  iron,  manganese,  &c.,  because  frac  ncid  would  be  formed  hy  ihf 
reaction  of  the  sulphuretted  hydrogen,  and  would  be  able  to  act  on  the 
sulphide  formed.  The  reaction  FoUl, +H,S=F6S  +  2HC1,  and. the 
like,  do  not  take  place,  because  the  acid  acts  on  the  ferrous  sulphide 
Antimonious  sulphide  is  not  acted  on  bj  dilute  hydrochloric  acid,  but 
it  is  decomposed  by  strong  acid,  and  therefore  in  presence  of  an  excess 
of  hydrochloric  acid  antimonious  chloride  dots  not  entirely  react  wilh 
hydrogen  sulphide,  whilst  the  reaction  2SbCl3+3H,S=Sbj8,  +  (JHC'l 
will  go  on  to  the  end  in  a  dilute  solution  and  with  a  small  quantity  of 
acid.  Those  metallic  sulphides  which  are  decoujpoBed  by  acids  miiy 
be  obtained  in  a  wet  way  by  the  double  deconi position  of  the  aaltd 
of  the  metals,  not  with  hydrogen  sulphide,  but  with  soluble  metaUit 
sulphides,  such  as  sulphide  of  ammonium  or  of  potassium,  becauan 
then  no  free  acid  is  formed,  but  n  salt  of  the  metal  (potassium  or 
ammonium)  which  wns  taken  as  a  soluble  sulphide.  So.  for  essmple, 
FoCl,  +  KjS= FeS  +  2KC1.'* 

•"  In  reility,  Hie  preceding  reaction  should  be  eipremea  thus:  FeClj  +  aKHSsFeS 
-t  aSCl  +  H  jB.  Bu  t  na  the  imlphiiretted  hydrogen  tBJies  no  port  in  the  roution,  it  i>  umai 
to  eiprens  ths  farmntion  of  «tich  BOlphides  without  taking  the  hydcogen  snliihida  prn- 
oeeding  from  the  poUsiinm  or  unmoniuni  hydroaulphides  inl«  nceoaiit.  It  ia  oot  H^Kol  lu 
emiday  pnUadiam  sulphide  hut  animiuiiuni  salphide — or,  to  spfak  more  tmlj,  unmuuiniu 
hjdKaulphide— in  ordet  to  avoid  the  formation  of  a  Don-voltttile  aalt  of  potawiuni  in  tlip 
i^nWon,  »nd  to  h«»a,  together  with  the  formation  of  the  «Ol|ibida,«  Bsltnf  amrooninm  in 
D,  vhich  Clin  always  be  driTsn  U0  by  uvftporaling  the  aolntion  and  igniting  the 


FeCl,  +  (NK,),a-FoS  +  2NH4Cl,   or   FeCla-ha(SHj)H3-FB8  +  aNH4Cl  +  SH, 

TbJU  the  metallic  sulphides  ma;  be  divided  into  three  chief  clwaes :  (1)  lhoi«  aoU'blr  in 
%Ur, (2) Ihote  ittolubU in icaler  bul  reacting  icilh  acidt. and (S|  fhoir  in»oluh7e  inbuilt 

.  IBaUr  and  iicidi.  The  third  class  msf  be  easily  snbdirided  into  twogronpai  to  tlie  first 
groap  belong  those  sulphides  vhtch  correspond  with  bases  or  baffle  ofides,  and  ore  there- 
tora  unable  to  play  the  port  of  an  acid  wich  the  salphidei  of  the  alkaliH,  and  are  inMlnhla 
in  the  kllcalj  salphides;  whitat  the  sulphides  of  the  seooad  group  are  of  ao  ooid  charsoter, 

'  Mid  gire  eoluble  Hultii  with  the  sulphidea  of  the  alknline  metals,  in  which  they  play  tbe 
put  of  an  acid.  To  thin  j^nop  belnug  those  metals  whose  corrceponding  oxides  bitve  eery 
fMble  basic  properties  or  sharply-deflned  afid  propertie*.  It  most  be  observed,  lioweror, 
thai  not  all  metallic  acids  have  correaponding  salphides,  partly  owing  to  the  (act  thai 
oertaio  acids  ure  reducible  by  sulphuretted  hydrogen,  especially  when  their  lower  degrees 
of  oudation  arc  of  a  baais  eharocter.  Such  are,  for  ineCance,  (he  aeida  of  cliraminm, 
monganeiie,  Arc.  dnlphncetted  hydrogen  converts  tliF'iniDtolowciaxides,  having  the  pri>- 
perties  of  bases.  Those  bases  which  do  not  unnblne  with  (eoble  acids,  sur^b  as  oarbonir 
anidond  hydrogen  uulphide,  give  a  precipitateuf  hydrraiilewith  ammouiuui  sulphide — for 
example,  ahtmiDium  salt*  reaot  in  this  mnniier.  Thus  aluminium  anlphide,  AI^Sj,  is  deooin' 
poaed  by  water,  and  magnesium  sulphide,  MgS,  give*  magnesiom  hydroanlphide,  Mg(SHI.,, 
UidhydroiiiI«,MgH,Oj,  with  water.  This  diSereiite  o(  the  metata  in  their  behaTionr 
towania  sulphuretted  hydrogen  gives  a  very  valuable  meaua  of  separating  them  frooi  eoeh 
other,  and  ii  (aim  adeantagt  a/  in  aaalylical  chmnuln/.  If ,  fur  inetanoe,  the  metals  of 
the  Snt  and  third  groaps  occur  together,  it  ia  enough  lo  oonvert  them  into  soluble  salts, 
and  toact  ou  the  solution  of  the  ■altawitbaalphnreCtedbrdroe'Q;  it  will  preeipitat*  lit* 
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M«  T.^nio  sulphides  may  be  obtained  by  many  other  means  besides- 
;^,o  j«otion  of  sulphuretted  hydrogen  on  salts  and  oxides,  or  by  the 
N  t\)(4o  oi^mbination  of  metals  with  sulphur  when  heated  or  fused.  Thus 
ihov  niAV  also  be  formed  by  the  reduction  of  sulphates  by  heating  them 
v^itli  charcoal  or  other  m^ans.  Charcoal  takes  up  the  oxygen  from 
iu;4ny  sulphates,  leaving  corresponding  sulphides.  Thus  sodium 
yulph:\te,  Na3S04,  when  heated  with  charcoal,  forms  sodium  sulphide, 
Nii^S,  carbonic  oxide  and  carbonic  anhydride  being  evolv^.  Besides 
Nvhich  metallic  sulphides  are  also  obtained  by  heating  metals  or  their 
oxides  in  the  vapours  of  many  sulphur  compounds — for  example,  in  the 
v.*i|.K)ur  of  carbon  bisulphide,  when  the  carbon  takes  up  the  oxygen  of 
the  oxide  and  the  sulphur  combines  with  the  metal.  The  sulphides 
formed  in  this  manner  are  often  crystalline — that  is,  appear  with  those 
}»ix)perties  and  in  that  crystalline  form  in  which  they  occur  in  nature. 
Besides  which  we  must  mention  the  following  general  reactions  common 
to  all  the  sulphides  of  the  metals.     They  are  oxidised  in  air  at  the 

ineials  of  the  third  group  in  the  form  of  sUlphideB,  whilst  the  metals  of  the  first  group 
will  not  be  in  the  least  acted  on.  Such  a  method  of  separating  the  metals  is  Uiore  fully 
coiiKidered  in  analytical  chemistry,  and  therefore  we  will  here  limit  oursell^es  to  .pointing 
out  to  which  groups  the  most  common  metals  belong,  and  the  colour  which  is  proper  to 
the  sulphide  precipitated. 

Metals  whivh  are  precipitated  by  tulphuretted  hydrogen^  as  sulphides  from  a  sola- 
iron  of  their  salts,  even  in  the  presence  of  free  acid  : 

The  precipitate  is  soluble  in  ammonium  sulphide  : 

Platinum  (dark  brown)  Antimony  (orange) 


Qx)ld  (dark  brown) 
Tin  (yellow  and  brown) 


Arsenic  (yellow). 


^he  precipitate  is  insoluble  In  ammonium  sulphide  : 


Copper  (black) 
Silver  (black) 
Cadmium  (yeUow) 


Mercury  (black) 
Lead  (black). 


Metoh  which  are precipiiaied  by  ammonium  sulphide  hom  neutral  solutions,  bat 
not  precipitated  from  acid  solutions  by  sulphuretted  hydrojjen : 
The  sulphide  precipitated  is  soluble  in  hydrochloric  acid : 

Zinc  (white)  |  Manganese  (rose  colour)  |  lro7i  (black) 

The  sulphide  precipitated  is  not  soluble  in  dilute  hydrochloric  acid : 

Nickel  (black)  |  Cobalt  (black) 

A  hydroxide,  and  not  a  fiulphide,  id  precipitated  : 

Chromium  (green)  |  Aluminium  (white). 

The  metals  of  the  alkalis  and  o^  the  alkaline  earths  are  not  precipitated  by  either 
Bulphnretted  hydrogen  or  ammonium  sulphide.     The  metals  of  the  alkaline  earths  when . 
in  acid  solutions  in  the  form  of  phosphates  and  many  other  salts  are  precipitated  by  ammo- 
nium sulphide,  because  it  neutralises  the  free  acid,  with  formation  of  an  ammonium  salt 
of  the  acid  and  evolution  of  sulphuretted  hydrogeuk 
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otdinaiy,  and  especially  at  a  higher,  temperature,  forming  sulphates  in 
the  tnajority  of  cases.  This  oxidation  proceeds  with  particular  ease, 
even  at  the  ordioary  temperature,  when  a  metallic  sulphide  is  precipi- 
tated from  its  solutions,  as  a  fine  powder  containing  water.  The  sul- 
phides of  iron  and  manganese,  >I:i;.,  a,re  very  easily  oxidised  in  tins 
manner.  But  if  these  hydrates  be  ignited,  they  lose  their  water  (the 
ignition  must  be  carried  on  in  a  streajn  of  hydrogen  to  prevent  their 
oxidation  during  the  process),  and  then  they  are  no  longer  oxidised 
ftt  the  ordinary  temperature.  Those  sulphides  whose  corresponding 
sulphates  are  decomposed  by  heat  part  with  their  sulphur  in  the  form 
of  sulphurous  anhydride,  when  they  are  ignited  in  air,  and  the  metal, 
as  a.  rule,  remains  behind  as  oxide.  This  is  token  advantitge  oE  in  tho 
treatment  of  sulphurous  ores.     The  process  is  called  roanliitg. 

Hydrogen  not  only  forms  sulphuretted  hydrogen  with  sulphur,  bub 
it  also  combines  with  it  in  several  other  proportions,  just  as  it  combines 
with  oxygen,  forming  not  only  water,  but  also  hydrogen  peroxids. 
And  these  polytufpliides  of  hydrogen  are  also  unstable,  like  hydrogen 
peroxide,  and  are  also  obtained  from  the  corresponding  polysulphidea 
of  the  uietals  of  the  alkaline  earths,  just  as  hydrogen  peroxide  is 
obtained  from  barium  peroxide— that  is,  from  a  polyoxygen  compound. 
Thus  calcium  combines  with  sulphur  in  several  proportions,  forming 
not  only  calcium  sulphide,  Cati,  but  also  as  bi-,  tri-.  and  pentoeulphido, 
CaS],  and  all  these  compounds  are  soluble  in  water.  Sodium  also  com- 
Innes  with  sulphur  in  the  same  proportions,  forming  sulphides  from 
Na^S  to  Na^Sj.  If  an  acid  is  added  to  a  solution  of  a  polysulphide,  it 
gives  sulphur,  sulphuretted  hydrogen,  and  a  salt  of  the  metal.  For 
instance,  with  a  pentasulphide  ;  MSj +  2HCI=MClj.fHjS  +  4S.  If 
we  reverse  the  operation,  and  pour  a  solution  of  a  polysulphide  into  an, 
acid,  then  sulphur  is  not  precipitated,  but  an  oily  liquid  is  formed, 
which  is  heavier  than  water  and  insuluble  in  it.  This  oily  substance  io 
the  polysulphide  of  hydrogen;  MSi+ 2HC1=MC1,  +  Hi8;.  As  Kebs 
showed  (18ti8),  whatever  polysulphide  be  taken — of  sodium,  for  in- 
stance^— it  always  gives  one  and  the  same  hydrogen  penlaauljiliidf," 
of  specific  gravity  1-71  (15°),  It  can  only  be  preserved  in  the  absence 
of  water  and  at  low  temperatures,  and  then  not  for  long ;  for,  especially 

■>  Il«bi  loiik  di-.  tri-.  tetn-.  lUid  peata-snlpbides  at  modinm,  poUiBitun,  uiil  iMrinm,. 
which  he  piv)iar«]  by  dluolring  aulpliur  in  uiliitionB  of  tho  nornial  nulphidea;  ou  adding^ 
bjdrodiloriii  Kid  be  idwpiyB  obtained  hjdiogen  peatasiUpbide,  whence  it  is  uvident  tbU 
lH,S,-(»-l)IL,SB  +  (B-n)H.jS.  For  luuunple.  if  HiS,  were  tonned,  it  would  decompOM 
MCording  to  Che  eqmtion  *H,9a  =  ttjSj  +  aa,S.  'The  hydrogen  pontftiolpUide  formed. 
bnftki  ap  intu  hydrogen  aulpUidu  a,ad  anlpUor  ■when  bronght  into  contact  with  water, 
rraTioua  M  R«b>'  reieaicbei  muij  abumiita  atitUid  that  *1I  polysulphides  gave  the  bi^. 
Mlphide  H{|S],  and  Holmsu  [BcDgDised  only  hydrogen  td-anlphide,  HiSj. 
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in  the  presence  of  alkalis  and  when  elightly  warmed,  it  splits  up  yery 
easily  into  sulphuretted  hytlmgen  and  sulphur.*"' 

The  soluble  sulphides  and  polysulphides  of  the  nietaU  of  the  alkalis 
and   alkaline  earths — for  example,  of  aramoniuiu,'^  potassium,*^  and 

'^  The  tnrmation  nt  the  poljraalphiileB  of  hydrogen.  H^i^,.  ii  euilj  nndenbiod  fmia 
the  law  of  subetitntion,  like  that  ol  the  eaturated  hydrwarbuns.  C„H^„.  knowing  that 
■ulpbor  givea  U^S  and  carbon  CH),  becatise  the  inulecnle  of  nalphurcttpd  hjilrogBn  m*; 
be  diiided  into  H  and  HS.  Tbia  mdicle.  HS,  is  ei|ui*»1ent  to  H.  Bat  aubetitnting  tbi* 
rftdicle  (or  hjdrogBQ  in  H,B  we  obUin  |H3)HS  =  Hjah(HS)(HS|S  =  H,83,  &c^  iogenenl 
H,ft,.  The  homolc^aea  oI  CHt,  CH^+g  ue  thus  formed  trom  CU,,  kod  oonaeqoentty 
the  polfsolphidsB  H,S,  are  Lhe  homolog^wa  ol  S,,9.  The  questiouuiaeawhyinH^.tli* 
the  apponuit  litnit  o[  it  ib  G — tbat  ia,  wh;  does  the  aabntitntioa  end  with  the  (ormmtion 
of  HiS;?  The  auawer  vppenn  to  me  to  be  clearly  becanae  ia  tbe  molecule  of  aulphnr, 
Ss,  there  are  nix  nCioiui  of  eolpbur.  The  force?  in  one  anil  the  other  c&se  lire  the  same. 
In  the  one  oaae  they  bold  Sg  together,  in  tbe  other  S^  and  H.^ ;  and,  judging  from  QjS, 
tbe  two  aloma  ot  hydrogen  kre  equal  in  pover  and  signiScanee  to  tbe  atom  ol  aulphnr. 
Jait  aa  hydrogen  jwroiide,  HgQ,,  expreasea  the  coinpoeitiun  u[  oaone,  Oj,  in  which  O  i> 
replaced  by  H,,  so  alao  11,9a  corresponda  with  S^. 

*'  Amntontitn  sulphide,  (SH^^S,  may  be  prepared  hy  paBBingenlpharettedbjrdnigen 
into  a  veaael  tnll  ol  dry  wntnonia,  or  if  both  dry  gnaes  be  pnaaed  together  into  »  very  cold 
receirer.  In  tbe  tatter  caae  it  ia  nsaeuary  la  prevent  the  tieceaa  of  air,  and  to  bavo  an 
eiceaa  of  ammonia.  Under  Iheae  ciroamstaJieeB,  two  rolamea  of  ammonia  combine  with 
one  Tolame  of  sulphuretted  hydrogen.  lUid  form  s  colonrleas.  very  voUtile.  oryatoUine 
substance  bacing  ■  very  unpleasant  odouc.  and  which  is  very  poiaonona  and  eiceedingly 
nnBloble,  Wben  expoaed  to  the  air  it  abaoiha  uiygeu  and  ocqnirea  a  yellow  colour,  uii 
already  contains  oxygen  and  polyaulphide  cumpcunds  (because  >  [lOTtiuu  of  tbe  hydrogen 
Bulphide  gives  water  and  aulphni).  It  ie  solu hie  in  water,  and  forme  a  colourless  aolution, 
which,  however,  in  all  probability  containa  free  ammonia  and  the  acid  salt— tbat  is. 
ammonium  bydroaulphide,  NH^HS,  or  (NHi),}j.H jS .  This  salt  is  (ormt^d  when  dry 
ammonia  is  mixed  with  aneiceas  of  dry  sulphuretted  hydn.igen.  When  both  giuwecome 
into  contact  at  the  ordinary  or  a  higher  temperature,  they  always  cnmbine  in  eqaal 
Tolumea:  (NUilHSoNHj+HsS.  This  compound  crysUllisea  in  an  luihydroua  state  in 
eolonrlesa  plates,  and  may  be  easily  volatilised  (diasociating  hke  ammoniom  chloride), 
even  at  the  ordinary  temperatnie ;  it  has  an  alkaline  reaction,  absorbs  oiygen  from  the 
air,  is  soluble  in  water,  and  ita  solution  is  usually  prepared  by  saturating  an  i4]aeoas 
Bolation  of  ammonia  with  sulphnietted  Iiydiogen.  According  to  the  common  mle,  theaa 
ealta,  like  other  ammonium  salts,  split  up  into  ammonia  and  sulphuretted  hydrogen  when 
they  are  distilled. 

A  solution  ot  ammonium  aulphido  is  able  In  dissolve  sulphur,  and  it  then  contains 
oomponnda  of  hydrogen  polysulpbide  and  ammonia.  Some  ol  theae  compounds  may  be 
obtained  in  a  crystalline  form.  Thus  Pritiaohe  obtained  a  compound  of  ammonia  with 
hydrogen  pentasnlphide,  or  ommoniom  penlaaulpbide,  (NH,),3i,  in  tbe  following  manner  : 
He  saturated  an  aqneoufl  solution  ol  ammonia  with  snlphnretted  hydrogen,  added 
powdered  snlphnr  to  it,  and  then  passed  ammonia  gas  into  tbe  oolntion,  which  theO' 
abaorhed  a  treah  amount.  After  this  he  again  passed  sulphuretted  hydrogen  into  the 
solution,  and  then  added  anlpbur,  and  then  again  ammonia.  After  repeating  this  several 
times,  orange-yellow  cryatats  separated  out  from  tlio  liquid.  These  oryslala  malted  at, 
to"  to  50°,  and  were  very  onetable. 

When  a  solution  of  ammonium  hydrosulpbido,  prepared  by  saturating  a  eolation  of 
ammonia  with  snlphnretted  hydrogen,  in  eipoBed  to  the  nir  it  tarns  yellow,  owing  lo  the 
presence  of  an  ammonium  polysulpbide,  whose  formation  is  due  to  the  salphuietted 
hydrogen  being  oxidised  by  the  air  and  converted  into  water  and  anlphur,  which  is  di*> 
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csLlcium,'^ — have  the  appearance  and   properties  of  salts,  just  aa  the 

•olrsd  b;  the  unraoniam  aniphide.  In  csitoiin  analTticii  reaotioDs  it  ib  usu&l  to  emploir 
k  MlnCioD  of  unmonium  HUljiliirle  which  hu  beeu  kept  for  loroe  time  and  ocqnired  a, 
jelloK  oolour.  liiis  f«llow  aulphide  cif  Bmmonium  drpiwitB  sulphur  when  saturaUd  iritb 
KcidH,  HhltiiC  >  freshlj-prapuTBd  sulction  only  elolvflB  salphnretted  hydrogen.  The  yellow 
■olation  fartbermorH  ountwnH  ammoniam  tfaioanlphate,  whiofa  is  derived  not  only  from 
the  oiidatiau  oltbe  ftuunoniau  uutpbide,  but  also  from  the  action  of  the  hberated  aalphur 
on  the  amujonia.  juat  ai  an  alkaline  Bslt  ot  thiuEDlphmic  acid  and  a  sulphide  lue  [onoed 

"  Polattium  tulphide,  K^S,  ia  obtained  by  heating  a  miitnre  of  putusium  anlpbabe 
and  ehamoal  to  a  bright-red  hiial.  It  may  be  prepiirod  in  aolutian  by  taking  a  Hilution 
ot  potauiam  bydroiide,  diriding  it  into  two  equal  porta,  and  saturating  one  portion  with 
agtphurettad  hydrogen  so  long  as  it  ia  abiwrlied.  This  portion  will  then  contain  the  aoid 
mI(  KHa.  The  two  portiona  are  then  miiud  together,  and  the  potassium  anlphide  will 
then  be  obtaioad  in  the  solution.  This  solution  has  a  strongly  alkaline  reaction,  and  ia 
oolourlosa  wbeo  Ireelily  prepared,  but  it  very  eaHily  undergoes  change  when  exposed  to 
the  air.  forming  pataseium  thioBulphat«  and  poljBulphides.  Whet>  the  solution  is  erapo- 
rated  at  low  temperatures  under  the  reoeiver  of  an  air-pump,  it  yields  crystals  containing 
KgS.SHiO.  It  left  under  the  receiver  of  the  air-pomp,  or  heated  at  IGO",  they  part  with 
8  mol.  H]0,  and  at  higher  temperatnrea  they  lose  nearly  all  their  water  without  evolving 
■nlphurettAd  hydrogen.  When  tliey  are  ignited,  in  glass  vessels  they  corrode  the  glsiBs. 
When  •  solution  of  oanstic  potash,  perfectly  saturated  with  sulphuretted  hydrogen,  ia 
evaporated  under  the  receiver  of  an  air-pump  it  forms  colourless  rhombohedra  of 
potofium  hydrotulphiiU,  fl(KHS},H...O.  These  crystals  are  deliquescent  in  the  air.bul 
do  not  change  in  a  vacaum  when  heated  Dp  to  170°.  and  at  higher  temperatures  they 
lose  watpr  but  do  not  evolve  sulphuretted  hydrogen-  The  anbydroui  compound,  SHfl, 
lusas  at  a  dark-red  heat  into  a  very  mobile  jellow  liquid,  nbioh  gradually  becomes 
darker  in  colunr  and  solidifies  into  a  ted  mass.  It  is  remarkable  that  when  a  solution  of 
tlieoompouud  EB3  ia  boiled  it  lomewhat  easily  eTolves  half  ot  its  snlphurctted  hydrogen, 
leaving  potassium  sulphide,  K,,8,  insolation;  and  a  solution  of  the  latter  in  water  is 
also  able  to  evolve  enlpharetted  hydrogen  nndec  prolonged  boiling,  but  the  evolution 
cannot  be  rendered  complete,  and  therefore, with  a  certain  rise  ot  temperatnre.a  solution 
ot  potasaium  sulphide  will  not  he  capable  of  s.bsorbing  sulphuretted  hydrogen  at  all. 
Pram  this  we  must  oouolude  that  potaasiDm  hydroxide,  water,  and  mlphuretted  hydrogen 
form  asyitflm  whose  complxx  equilibrium  is  subject  to  the  laws  of  disaociation,  depends 
OS  the  relative  mass  at  each  sabstuuce,  on  the  temperature,  and  the  dissociation  pressure 
of  the  component  elements.  Potassium  sulphide  is  not  only  soluble  in  water,  but  also  in 
alcohol. 

Berzelius  showed  that  besides  potassium  sulphide  there  oiiatc  potassium  bisulphide, 
K^., ;  trisulphide,  K..,Sj ;  letrasulphide,  K,a, ;  mad  peutoaulphide,  K,S,,  Acoording  to 
the  reaearchss  of  F!chune,  the  three  last  are  the  most  stable.  These  different  compounds 
t^  potoesiam  and  sulphur  may  be  prepared  hy  fusing  potasainm  hydroxide  or  carbonatA 
with  aa  excess  of  sulphur  in  a  porcelniii  crucible  in  a  stream  ot  cacbmic  anhydride.  At 
abool  800°  potassiom  pentasulpbide  is  formed;  thia  ia  the  highest  sulphur  compound  of 
potaatiom.  When  heated  to  SOO^  it  loses  one-fitth  of  its  anlphui  and  gives  the  letra- 
■nlphide.  which  at  this  temperature  ia  as  stable  as  the  pentasnlphide  ia  at  the  lower 
lemperalure — that  ia,  sulphur  is  not  tciven  nS  by  it  at  thia  temperature.  At  a  bright-red 
heat — namely,  at  about  900' — the  Irisulphide  is  formed.  This  componnd  may  be  also 
formed  by  igniting  potaesium  carbonate  in  a  stream  of  carbon  bisniphide,  in  which  caB« 
e  oompoond,  K.,Cii:,  is  first  formed  corresponding  to  potassium  corbonale.  and  carbonio 
■Bhydride  is  evolved,  Ou  furthor  ignition  this  compound  splits  np  into  carbon  and 
potaaaiom  tti anlphide,  K,^.i.  The  tetrasulpluda  may  also  bo  obtained  in  aolntion  it  ■ 
•olutiou  ot  potassium  sulphide  be  boiled  with  the  requisito  amount  ot  sulphur  without 

"  See  page  314. 
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hjdnited  oxides  have  the  same  appearance^  whilst  the  soIphideB  of 

the  Mceu  of  air.  Thi«  wiAatkm  jields  rod  crrstali  of  the 
it  is  erapcrmted  in  a  Taeaum.  These  crrsUls  are  rerr  h] 
water,  bat  rerr  spannglj  in  aloobol;  vhea  i^ted  tber  give  off 
hydrogen,  and  ralfJiar.  U  a  ^Amikm  of  pcxtauaom  folphide  be  boiled  vxth  na  cmw  of 
solphnr  it  forms  the  pentasnlphide.  vhich.  bcnrever.  i»  dccanpoud  br  ^tokmtfed  ^>— ro*«*i» 
into  solpharetted  hjdrogen  and  potaMilnin  thii-nzlphale :  K*Ss-Sli«0=K*SsC>s-i-SHfS. 
A  snbstance  called  liter  of  Mulpkur  was  fonxMrlr  freqaentlr  oMd  in  chcflucal  pBactiee 
and  medicine.  Undcrr  this  name  is  known  the  substance  vhich  is  formed  br  fc«K»g  a 
solution  of  canstic  potash  vith  an  excess  of  flovers  of  snlphnr.  This  solntioii  eooteins  a 
mixture  of  potAssinm  pentasolphide  and  thiosnlphate.  6KHO-US=2K^  +  K,SsQs 
-^SH^O.  The  substance  obtained  br  fusing  potassium  carbonate  vith  an  gaciew  of 
sulphur  was  also  Inunm  as  liver  of  sulphur.  If  this  mixture  be  heated  to  an  fiicipient 
dark-rcfd  heat  it  will  contain  potassium  thiosulphate.  but  at  higher  lemperaturea  polaa- 
6iam  sulphate  is  fcnrmed.    In  either  case  a  polj^ulphide  of  potassium  is  also  pteaent. 

^  The  metals  of  the  alkaline  earths,  like  those  of  the  alkalis,  form  sercnd  onrnpomids 
with  snlphnr :  thus  calcium  fonns  compounds  with  one  and  with  fire  atoms  of  aolphar. 
There  are  doubtless  also  intermediate  sulphides,  because  the  other  metals  of  the 
alkaliiie  esrth*  f'^rm  compounds  with  four  and  three  atoms  of  sulphur.  If  sulphuretted 
hjdr'^frn  t/e  jAStted  OTer  ignited  lime  it  forms  water  and  calcium  sulphide^  which  may 
als^i  be  formed  by  heating  cakiam  sulphate  with  charcoal,  whilst  if  sulphur  be  heated  with 
lime  or  with  calcium  carbonate,  then  naturally  oxygen  compounds  < calcium  thiosalphale 
and  hulihikUi)  are  tomusd  at  the  same  time  as  calcium  sulphide.  The  pn^onged  actioB 
lA  the  vsfxjnr  iA  cartxm  bisulphide,  especially  when  mixed  with  carbonic  anhydride,  on 
str<^>nglT  i}(rnit4*d  calcium  carbr/nate  entirely  conrertn  it  into  sulphide.  Calcium  sulphide 
i*i  generally  tAAMtuad  as  a  colourless,  or  slightly  yellow,  opaque,  brittle  mass,  which  is 
infuKible  at  a  white  heat,  and  in  soluble  in  water.  When  heated,  dry  calcium  sulphide 
does  ntA  ab^^rb  oxygen  from  the  air.  An  excesg  of  water  decomposes  it,  like  noany  other 
metallic  Hulfihides,  precipitating  lime  and  forming  a  liydrosnlphide,  C&H^S^f  in  solutioii. 
lliis  cijiui>tmud  is  also  formed  by  paesing  sulphuretted  hydrogen  through  an  aqueous 
Nolutton  of  calcium  sulphide  or  lime.  Its  solution,  like  that  of  calcium  sulphide,  has  sn 
alkaline  r*iWi'ii<m,  It  decomposes  when  evaporated,  and  absorbs  oxygen  from  the  air. 
Calcium  pentmulphidCf  CaHj,  is  not  known  in  a  pure  state,  but  may  be  obtained  in 
adniixtur<;  with  calcium  thiosulphate  by  boiling  a  solution  of  lime  or  calcium  sulphide 
with  Mulphur:  8CaIL{02-t'12Sc:2CaS5  +  CaS^05-3H.^O.  A  similar  compound  in  an 
impure  form  is  formed  by  the  action  of  air  on  alkali  wabte,  and  is  used  for  the  preparation 
of  thiosulphates. 

Many  of  the  Hulphides  of  the  metals  of  the  alkaline  earths  are  phosphorescent — thai 
is,  they  have  the  faculty  of  emitting  light  in  the  darkj  after  having  been  subjected  to 
the  action  of  sunlight,  or  of  a  bright  source  of  light  in  general  (Canton  phosphorus,  Ac). 
The  luminosity  lasts  some  time,  but  it  is  not  durable,  and  gradually  disappears.  This 
faculty  of  being  phosphorescent  is  proper,  in  a  greater  or  less  degree,  to  nearly  all  sub- 
stances (Becquerel;,  but  for  a  very  short  time,  whilst  with  calcium  sulphate  it  is  com- 
paratively durable,  lasting  for  several  hours.  It  is  due  to  the  excitation  of  the  surfaces 
of  substances  by  the  action  of  light,  and  is  determined  by  those  rays  which  exhibit  a 
diemical  action.  Hence  daylight  or  the  light  of  burning  magnesium,  &c.,  acts  more 
powerfully  than  the  light  of  a  lamp,  &c.  Wamerke  has  recently  shown  that  a  small 
rjuantity  of  magnesium  lighted  near  the  surface  of  a  phosphorescent  substance  n4)idly 
excites  the  greatest  possible  intensity  of  luminosity;  this  enabled  him  to  found  a  method 
of  measuring  the  intensity  of  light — i.e.,  to  obtain  a  constant  unit  of  light — and  to  apply 
it  to  photography.  The  nature  of  the  change  which  is  accomplished  on  the  surface  of 
the  luminous  substance  is  at  present  unknown,  but  in  any  case  it  is  a  renewable  onoi 
because  the  experiment  may  be  repeated  for  an  infinite  number  of  times  and  takes  plsoe 
in  a  vacuum.  The  intensity  and  tint  of  the  light  emitted  depend  on  the  method  of  pre* 
paraticn  of  the  calcium  salphidci  and  on  the  degroo  of  ignition  and  purity  of  the  oalcinm 
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the  metals  of  the  higher  groups  resemble  their  oxides  and  have  not 
at  all  the  appearance  of  salts,  and  thb  in  especially  true  in  the  crys- 
talline forms  in  which  they  frequently  occur  in  nature.^' 

earbonata  tikan.  Aacording  to  the  obsersntionB  ol  Becqueral.  the  prosencs  at  oom- 
ponudB  of  muiguiese,  biiimuth,  &c.,  lodiiuD  sulphide  (but  not  poUiaium  sulphide),  Ac, 
klthnngh  in  minute  traces,  ia  perfectly  indiapeiiBfcble.  Thii  gives  reuon  [nr  thinliinK 
that  the  lorTDStion  (in  the  dntk)  and  deccnnpoaitian  (in  light)!)!  double  Bidts  like  »n3,No.jB 
perhaps  farms  tbe  chemical  cause  of  Uit>  phenomena.  Cnmponnd*  of  strautinm  nnd 
buinm  have  thin  property  to  even  a  greater  extent  than  calciam  sulphide.  These  cuiii- 
ponnd*  may  be  prepared  as  follows.  For  example,  a  miitnre  of  sodium  thiosulphatoiuid 
■tranliam  chloride  is  prepared ;  a  double  deoonipoeition  takes  place  between  tbe  lalta. 
and,  on  the  addition  of  sleohol,  stiontinm  thioeulphuto,  SrSjO^,  is  precipitated,  which, 
when  ignitod,  leaTss  EtioDtium  ■ulphidi>  behind.  The  strontium  lolphide  tlius  prepared 
emits  (when  dr;)  a  groeiiixh  yellow  li^ht.  It  contains  a  certain  sotnaut  of  anlpbur, 
sodium  sniphida,  and  strontiam  aulphale.  By  ignition  at  larions  temperatures,  and  by 
different  methods  of  preparation,  it  is  poasible  to  obtain  mixtures  whicli  emit  difTareiit 
coloured  lights. 

"  As  examples,  we  will  describe  the  sulphides  of  arsenic,  antimony,  and  mercury. 
Arsenio  trisalpbide,  or  (irpiment.  AogSj,  occurs  nntive,  and  is  formed  in  n  pure  form 
when  a  solution  of  arsenious  anhydride  in  the  presence  of  hydrochloric  acid  comes  into 
contact  with  Bolphuretted  hydrogen  (there  is  no  pntcipitaCe  in  the  absence  of  free  acid).  A 
heantiful  yellDW  precipitate  is  tbeu  obtained :  AsjO,  +  8U]S  =  SII,0  +  AbSj ;  it  fuses  wlieii 
heated,  arid  Totatilises  withont  decomposition.  Wlien  fnsed  it  forms  a  semi-transparent, 
jreDow  mass,  and  it  is  thus  that  it  enters  tbe  nurhet.  The  specific  gravity  of  native 
Dipiment  is  S'4,  and  that  of  the  artifioially-fnaed  mass  is  3'T.  It  is  used  as  a  yellow 
pgment,  and  owing  to  its  insolubility  iu  water  and  acids  it  is  less  injnrions  Uiau  tli» 
other  compounds  corresponding  to  arsenioua  acid,  Aoiiording  to  the  type  AsX^  realgar. 
AsS,  is  known,  but  it  ii  probable  that  the  true  compo^itiun  nl  this  compound  is  AsjS,— 
that  is,  it  pretents  the  some  relation  to  orpiment  mi  liquid  pbosphnretted  hydrogen  does 
tagoacons.  Sealgar  (Saadaraca)  occurs  native  as  brillionl  red  crystals  of  speciflo 
gnrily  S-SD,  and  may  be  prepared  artificially  by  fusing  arsemo  and  snlphnr  in  the  pro- 
portions indicated  by  its  formulie.  It  is  prepared  in  large  qnantities  by  distilhnj;  a  mix- 
tun  of  sulphur  and  arsenical  pyrites.  Like  otpiment  it  diasolves  in  calcium  sutpbide, 
ind  evwi  in  iwustic  potash.  It  ia  nasd  for  sigtial  lights  and  fireworks,  beconse  it  deSo- 
grates  and  gives  a  large  and  very  brilliant  white  flame  with  nitre. 

With  antimony,  sulphur  gives  atri-  and  a  penta-inlphide.  The  former.  Sb,Ss,  which 
eorMsponds  ivitb luitimom'ous oiide,  occors native  (Chap.  XIX.)  in  a  crystalline  form;  iU 
■p.  gr.  ia  then  I'D,  and  it  presents  brilliant  rhombic  cryatalsol  a  grey  colour,  which 
(nse  when  heated.  A  sabatsnce  ol  tbe  same  composition  is  obtained  oa  an  amorphous 
onnge  powder  by  passing  salphureltad  hydrogen  into  on  acid  solution  of  antimonious 
mdHo.  In  this  respect  antimonious  oxide  again  reacts  like  srsenious  acid,  and  the  sul- 
phides of  both  ace  soluble  in  ammonium  and  potasalum  sulphidei,  and,  especially  in 
the  ease  of  srsenious  sulphide,  are  easily  obtained  in  colloidal  SDlutiiins.  By  prolonged 
biding  witii  wster,  sntimoniotii  snlphide  may  lie  entireiy  converted  into  the  oxide, 
hydrogen  snlphide  lieing  evolved  lEIbera).  Native  antimony  snlphide,  or  the  orange 
preolpttated  trisnlphide  when  fused  with  dry,  or  boiled  with  disaolred.  alkalis,  forma  a, 
'  dark-coloured  mass  (Kermes  miners!)  formerly  much  used  in  medicine,  and  which  con- 
tains a  miitnre  of  antimonious  aalphlde  and  oiide.  There  are  alio  compoundeof  theto 
substancea.  A  so-called  antimony  vermilion  is  much  used  as  a  dye ;  it  is  prepared  by 
boiling  sodinmtbiosQlphate  (six  parts)  with  antimony  trichloride  (five  parts)  and  wntar 
(fifty  potts).  Thia  substance  probably  contains  sn  ojjsalphide  of  ontimony— that  i.i.  a 
portion  ol  the  oxygen  in  the  oxide  of  stitimony  in  it  is  replaced  by  sulphur.  Red  nati. 
Inany  ore,  and  antimony  gUss,  which  is  obtained  by  fusing  the  trisnlphide  with 
umioiu  oxide,  has  a  similar  composition,  SbjOS^.    In  practice,  tbe  anlimo^jentil* 
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As  the  acids  oorrespondiDg  with  chlorine,  phosphorus  and  carbon 
are  the  oxidised  hydrogen  compounds  of  these  elements,  so  also  we  can 
form  an  idea  of  the  acid  hydrates  of  sulphur,  or  of  the  normal  acidt  tf 

sulphide,  Sb^S.s,  is  the  most  freqaentlj  ased  of  the  sniphar  compoand*  of  anttmooy.  It 
in  formed  by  the  action  of  acids  on  the  so-called  Schlippe's  salt,  which  is  a  aodhtm 
thiorthantimonatetSY)SiStLS}i,  correflponuing  with  orthantimonic  acid,  SbO(OH)3,  ^inA 
the  re]ilacenient  of  oxygen  by  solphnr.  It  is  obtained  by  boiling  finely-powdered  native 
Hntimony  trisnlphide  with  twice  its  weight  of  sodiom  carbonate,  and  half  its  weight  of 
<^ulphur  and  lime,  in  the  presence  of  a  considerable  quantity  of  water.  The  prooetaes 
taking  place  are  as  follows: — The  sodiom  carbonate  is  converted  into  hydroxide  by  the 
lime,  aii'I  then  forms  sodiom  solphide  with  the  Rolphur ;  the  sodium  solf^ide  then 
<1i>tsolves  the  antimony  solphide,  which  in  this  form  already  combines  with  the  greatest 
amount  of  sulphor,  so  that  a  compoond  is  formed  corresponding  with  antimony  penta- 
Hulfihide  rlisHolved  in  sodiom  solphide.  The  solution  is  filtered  and  crystallised,  care 
l>eing  trken  to  prevent  access  of  sir,  which  oxidises  the  sodiom  solphide.  This  salt 
iTVritalliseA  in  large,  yellowish  crystals,  which  are  easily  soloble  in  water  and  hare  the 
composition  NasSbS4,9U20.  When  heated  they  lose  their  water  of  crystalliaatioti  and 
tliHu  fo->e  withoot  alteration;  hot  when  in  solotion,  and  even  in  crystalline  form,  this 
^<ilt  tonis  brown  in  air,  owing  to  the  oxidation  of  the  sulphor  and  the  breaking  up  of  the 
conipouiul.  As  it  i<i  osed  in  medicine,  especially  in  the  preparation  of  antimony  penta- 
hulphid*'.  it  is  kept  onder  a  layer  of  alcohol,  in  which  it  is  insoloble.  Acids  preciintate 
Hiitimciiv  jientasolphide  from  a  solotion  of  this  salt,  as  an  orange  powder,  insoluble  in 
H'-ids  ar.'l  very  frcMjoently  used  in  medicine.  This  substance  when  heated  evolves TapoarB 
of  8uli  hur,  and  leaves  antimony  trisnlphide  behind. 

Meri-ury  forms  compounds  with  sulphur  of  the  same  types  as  it  does  with  oxygea. 

M*frcur<>UK  ftulphide,  Hg^S,  easily  splits  up  into  mercury  and  mercuric  sulphide.     It  is 

r)btained  by  the  action  of  potassium  sulphide  on  mercurous  chloride,  and  also  by  the 

>u-tifin  of  Kulphoretted  hydrogen  on  solutions  of  salts  of   the  type  HgX.    Mercuric  snl- 

I'liide,  H^'S,  corresponding  with  the  oxide,  is  cinnabar  ;  it  is  obtained  as  a  black  precipi- 

tiit'*  by  tliH  action  of  an  excess  of  sulphuretted  hydrogen  on  solutions  of  mercuric  salt. 

It   is  iiiHoluble  in   acids,  and   is  therefore  precipitated  in  their  presence.     If  a  certain 

amount  of  water  containing  sulphuretted  hydrogen  be  added  to  a  solution  of  mercuric 

fhloridf,  it  first  gives  a  white  precipitate  of  the  composition  Hg^S-^Cl.^ — that  is,  a  com- 

\Hmn(i  Hg<M,2Hg8,  a  sulphochloride  of  mercury  like  the  oxychloride.     But  in  the  pre- 

M«nce  of  an  excess  of  sulphuretted  hydrogen,  the  black  precipitate  of  mercuric  sulphide 

is  formed.    In  this  state  it  is  not  crystalline,  but  if  it  be  heated  to  its  temperature  of 

volatilisation,  it  forms  a  red  crystalline  sublimate  which  is  identical  with  native  cinnabar. 

in  this  form  its  specific  gravity  is  8*0,  and  it  forms  a  red  powder,  owing  to  which  it  is 

lined  as  a  red  pigment  (vermilion)  in  oil,  pastel,  and  other  paints.    It  is  so  little  attacked 

by  reagents  that  even  nitric  acid  has  no  action  on  it,  and  the  gastric  juices  do  not  dissolve 

it,  HO  that  it  is  not  poisonous.    When  heated  in  air,  the  sulphur  bums  away  and  leaves 

metallic  mercury.    On  a  large  scale  cinnabar  is  usually  prepared  in  the  following  manner : 

S(K)  partR  of  mercury  and  115  parts  of  sulphur  are  mixed  together  as  intimately  as  possible 

und  poured  into  a  solution  of  75  parts  of  caustic  potash  in  425  parts  of  water,  and  the 

mixture  is  heated  at  50^  for  several  hours.    Red  mercury  sulphide  is  Uius  formed,  and 

wfparateH  out  from  the  solution.    The  reaction  which  takes  place  is  as  follows :  A  soluble 

compound,  KjHgS<|,  is  first  formed  ;  tliis  compound  is  able  to  separate  in  oolourless  sflky 

needles,  which  are  soluble  in  the  caustic  potash,  but  are  decomx>osed  by  water,  and  at 

RO"' ;  this  solution  (perhaps  by  attracting  oxygen  from  the  air)  slowly  deposits  HgS  in  a* 

c  rystalline  form.    A  similar  vermilion  may  be  obtained  by  heating  a  mixture  of  mercuzy 

and  sulphur ;  heat  is  evolved  at  the  moment  of  combination,  and  a  portion  of  the  mass  is 

volatilised. 

I  may  here  remark  that  lead  sulphide  in  contact  with  zinc  and  hydrochloric  acid 
givejt  Sulphuretted  hydrogen  and  metallio  lead. 


miljihvr,  by  repreaenting  thi 
hydrogen — 

Ha 

HCIO 
HCIO, 
HCIOj 
HCIO, 


H,S0(1} 
H2S0,(1) 
H,SOa 
H,,SO, 


H,PO()) 

HjPO^ 

H,|P03 

■H3PO, 


H,C 

H^CO 

H^CO, 

H.COj 

H,COj  M 


Iti  the  case  of  clilorine,  if  not  b11  the  hydrates,  at  all  events  salts  of 
all  the  normal  hydrates  are  known,  whilst  in  the  case  of  sulphur  only 
the  acids  HjS,  H^SOj,  aod  H^SO^  are  known.  But  on  the  other  hand, 
the  latter  are  obtained  not  only  as  hydrates,  but  also  as  stable  anhy- 
drides, SOj  and  SO3,  which  are  fonned  with  the  evolution  of  heat 
from  sulphur  and  oxygen  ;  33  parts  of  sulphur  ill  combining  with 
32  pnrts  of  oxygen— that  is,  in  fomihig  80^ — evolve  71000  heat 
unJts,^'  and  if  the  oxidation  proceeds  tu  the  formation  of  SO,,  103000 
heat  units  are  ei'olved.  These  figures  may  be  compared  with  those 
which  correspond  with  tlie  passage  of  carbon  into  CO  and  CO,,  when 
29000  and  97000  units  of  heat  are  evolved.  This  detennines  the 
stability  of  the  higher  oxides  of  sulphur,  and  this  expresses  the  pecu- 
liuiity  of  sulphur  a-s  an  element  whicli,  although  an  analogue  of  oxygen, 
forms  stable  compounds  with  it,  and  thus  fundamentally  differs  from 
chlorine.  The  higher  and  lower  oxides  of  chlorine  are  powerful  oxidi- 
sing agents,  whilst  the  higher  oxide  of  sulphur,  SO3,  has  but  feeble 
oxidising  powers,  and  the  lower  oxide,  SO,,  frequently  acts  as  a  re- 
ducing agent,  and  is  formed  by  the  direct  combustion  of  sulphur,  just 
OS  carbonic  anhydride,  COj,  proceeds  from  the  combustion  of  carbon. 

In  the  combustion  of  sulphur,  and  also  in  the  oxidation  of  the 
sulphides  and  polyaulphides  by  their  ignition  in  air,  sulphurous  oxide, 
or  «ul2'huroua  anht/drid",,  or  milphitr  dioxide,  SOj,  is  exclusively  formed. 
It  is  prepared  on  a  large  scale  for  the  manufacture  of  sulphuric  acid 
(Vol.  I.  p.  346),  and  for  dii'ect  application  in  the  manufacture  of  wine 
or  for  bleaching  tissues  and  other  purposes.  Tn  the  Utter  instances 
its  application  is  based  on  the  fact  that  sulphurous  anhydride  acts  on 
certain  vegetable  matters,  and  has  the  property  of  a  reducing  and  feeble 

''  CH(  giTei!  CH,0  or  CHjfOH),  wood  spirit ;  CH,0.,  or  CH,(OH),.  which  docom- 
pcw*  into  water  and  CH^O-tliat  is.  methflene  oiide  or  formftldeliyde  ;  CUjD:^ 
CH(OH)i-HaO  +  CHO(OH),or(ormioiicid  and  CH,0,=.C(OH)j"aH.jO  +  CO,.  Them 
am  low  topical  bydrutten  compouiidii,  KU,  RH^.  BUj,  uul  RUj,  itad  eiwb  at  them  bu 
ill  Ijpie*]  aiide.     Beyond  H^  uid  O4  onmbination  does  not  proceed. 

Kbombio  ■olphur,  71000  heat  Units ;  mooocUnic  solpiiur,  T1T2D  units,  according  to 
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acid.     For  these  purposes  it  is  prepared  by  burning  sulphur  or  iron 
pyrites,  FeSj.'* 

In  the  laboratory — that  is,  on  a  small  scale — sulphurous  anhydride 
is  best  prepared  by  deoxidising  sulphuric  acid  by  heating  it  with 
charcoal,  or  copper,  sulphur,  mercury,  <kc.  Charcoal  produces  this 
decomposition  of  sulphuric  acid  at  but  moderately  high  temperatures ; 
it  is  itself  converted  into  carbonic  anhydride,  and  therefore  when 
sulphuric  acid  is  heated  with  charcoal  it  evolves  a  mixture  of  sulphurous 
and  carbonic  anhydrides:  C -f 2H2SO4  =  CO2  +  280,  +  2H2O.  The 
metals  which  are  unable  to  decompose  water,  and  which  do  not,  there- 
fore, evolve  hydrogen  from  sulphuric  acid,  are  frequently  capable  of 
decomposing  sulphuric  acid,  with  the  evolution  of  sulphurous  anhydride, 
just  as  they  decompose  nitric  acid,  forming  the  lower  oxides  of  nitrogen. 
These  metals  are  silver,  mercury,  copper,  lead,  and  others.  Thus,  for 
example,  the  action  of  copper  on  sulphuric  acid  may  be  expressed  by 
the  following  equation  :  Cu-f  2H2S04=CuS04-f  S02  +  2HaO.  In  the 
laboratory  this  reaction  is  carried  on  in  a  flask  with  a  gas- conducting 
tube,  and  does  not  proceed  unless  aided  by  heat.'' 

3'  Sulphurous  anhydride  is  also  obtained  by  the  decomposition  of  many  sulphates, 
especially  of  the  heavy  metals,  by  the  action  of  heat ;  but  this  requires  a  very  powerful 
heat.  This  formation  of  sulphurous  anhydride  from  sulphates  is  based  on  the  decomposi- 
tion proper  to  sulphuric  acid  itself.  When  sulphuric  acid  is  powerfully  heated  (for 
instance,  by  dropping  it  upon  an  incandescent  surface)  it  is  decomposed  into  water, 
oxygen,  and  sulphurous  anhydride — that  is,  into  those  compounds  from  which  it  is  formed. 
A  like  decomposition  proceeds  during  the  ignition  of  many  sulphat-es.  In  this  case  an 
oxide  of  the  metal,  oxygen,  and  sulphurous  anhydride  are  formed.  Even  so  stable 
a  sulphate  as  gypsum  docs  not  resist  the  action  of  very  high  temperatures,  but  is 
decomposed  in  the  same  manner,  lime  being  left  behind.  The  decomposition  of  sol- 
phutes  by  heat  is  accomplished  with  still  greater  facility  in  the  presence  of  sulphur, 
because  in  this  case  the  liberated  oxygen  combines  with  the  sulphur  and  the  metal  is  able 
to  form  a  sulphide.  Thus  when  ferrous  sulphate  (green  vitriol)  is  ignited  with  sulphur,  it 
gives  ferrous  sulphide  and  sulphurous  anhydride:  FeS04  +  2S  =  FeS  +  aSOj,  and  this 
reaction  may  even  be  used  for  the  preparation  of  this  gas.  At  400°  sulphuric  acid  and 
sulphur  give  an  extremely  uniform  stream  of  pure  sulphurous  anhydride,  so  that  it  is 
best  prepared  on  a  large  scale  at  works  by  this  method.  Iron  pyrites,  FeSj,  when  heatsd 
to  150-^  with  sulphuric  acid  (sp.  gr.  1*76)  in  cast-iron  vessels  also  gives  an  abundant  and 
unifonn  supply  of  sulphurous  anhydride. 

^  This  reaction  is  connected  with  thermochemical  data  in  the  following  manner.  A 
molecule  of  hydrogen,  H^,  in  combining  with  oxygen  (0  =  16)  develops  about  69000  heat 
units,  whilst  the  molecule  of  S0<2  in  combining  with  oxygen  only  develops  about  82000 
heat  units — that  is,  about  half  as  much — and  therefore  those  metals  which  cannot  decern- 
pose  water  are  still  able  to  deoxidise  sulphuric  into  sulphurous  acid.  Those  metals  which 
decompose  water  and  sulphuric  acid  with  the  evolution  of  hydrogen,  evolve  in  combining 
with  sixteen  parts  by  weight  of  oxygen  nearly  as  much  if  not  more  heat  than  hydrogen — for 
example,  K.2,Na2,Ca  develop  about  or  more  than  100000  heat  units ;  Fe,  Zn,  Mn  about  70000 
to  80000  heat  units ;  whilst  those  metals  which  neither  decompose  water  nor  evolve  hy- 
drogen from  sulphuric  acid,  but  are  yet  capable  of  evolving  sulphurous  anhydride  from  it, 
develop  less  heat  with  oxygen  than  hydrogen,  but  nearly  the  same  amount,  if  not  more, 
than  sulphurous  anhydride—for  example,  Cu  and  Hg  develop  about  40000,  and'Pb  about 
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In  its  physical  tind  cfiemicul  properties  snlphurons  anhydride 
presents  a  great  reiiemblanee  to  enrhonic  aniiydride.  It  is  a  heavy  ga<, 
somewliat  considerablj  soluble  in  wiiter,  very  easily  condensed  into  a 
liquid;  it  forma  norm itl  and  acid  stilts,  does  not  evolve  oxygen  under 
the  direct  action  of  heat,^'  although  audi  mebils  as  Nodiuni  nnd  magne- 
aiatn  bum  in  it,  just  as  in  carbonic  anhydride.  It  has  a  suflbcnting 
odour,  which  is  well  known,  owing  to  its  being  evolved  when  sulphur 
or  sulphur  matches  are  burnt.  In  characterising  the  properties  of 
sulphurous  anhydride,  it  is  very  important  to  remeralier  (Chapter  II.), 
also,  that  it  is  more  easily  liquefied  (at  —10°,  or  at  0°  under  two 
atmospheres  pressure)  than  carbonic  anhydride  (thirty-six  ntmosiiheres 
at  0^),"  that  it  is  tnore  soluble  than  carbonic  Hiihydride  (Vol.  I, 
p.  78)  (namely  at  0°,  100  vols,  of  water  dbsolve  180  vols,  of  carbonic 
anhydride  and  688  vols,  of  sulphurous  anhydride),  that  the  molecular 
weight  of  SOj=64  and  of  00^=44,  the  density  of  liquid  sulphurous 
anhydride  at  0°=:I'43  (molecular  volume  ^  45)  and  that  of  car- 
bonic anhydride  ^  0-95  (molecular  volume  =  49).  The  resemblance  of 
the  physical  properties  of  carbtmic  and  sulphurous  anhydrides  is  also 
expressed  in  the  great  resemblance  iiE  the  cliemicH.1  characters  of  both 
anhydrides.  Although  sulphur  dioxide  is  the  anhydride  of  an  acid, 
nevertheless,  like  carbonic  anliydride,  it  does  not  form  any  stable 
compounds  with  water,  but  gives  a  solution  from  which  it  may  he 
entirely  espcUed  by  the  action  of  heat.-*  The  acid  character  of  sul- 
phurous anhydride  is  clearly  expressed  by  the  fact  that  it  is  entirely 
absorbed  by  alkalis,  with  which  it  forms  acid  and  normal  salts  easily 
soluble  in  water.  With  salts  of  barium,  calcium,  and  the  heavy  metals, 
the  normal  salts  of  the  alkalis,  M^SOj,  give  precipitates  exactly  like 
those  formed  by  the  carbonates,  In  general,  the  salts  of  sulphurous 
acid  are  closely  analogous  to  the  corresponding  carbonates. 

fiOOOO,  heat  udUb.  Natonlly  the  affinity  ot  tho  metallio  oxide  formed  For  tbe  remiiinins 
■nlpliatio  acid  plays  a  put  in  the  decompositioa  ;  uxA,  aa  dbukI  tn  therm ovhemliiLl  daU, 
the  eiperimetital  figure  ii  oomplei,  but  still  the  Beneral  amneutiDD  betveeu  the  tliermo- 
chemiul  phenomenon  and  the  coarse  of  the  reaction  is  evident 

"  That  is,  it  only  dissoewtes  and  ro-fomiH  the  originn!  product  on  cooling. 
**  Hay  not  this  be  the  resHn  why  snlphurouB  anhjdride  hu  a  more  dtatinctly  acid 
chancter?  At  a  given  tcnipeniitnre  the  pressure  ot  this  gaa  in  any  salt  will  be  less  than 
IhiH  of  i»rboniir  anhydnde,  if  we  uompare  the  separation  uf  a  gas  from  its  eal(«  with  the 
phenomenon  of  evaporation,  as  was  pointed  oat  in  the  decoinpoaition  of  caloiuui  oar- 
Liquid  lalpburous  anhydride  is  used  on  a  Urge  scale  lFicl«t)  tot  the  produation  of 
cold. 

>•  De  la  Rive,  Pierre,  and  more  eapocinlly  B.  Bomeboom,  have  iiire»tig»ted  the 
CTyBt»llo-hjdralo  whith  is  formed  by  solphurooa  anhydride  and  water  at  temp*ratarB« 
balow  T°  under  the  ordinary  pressure,  and  in  closed  vessels  |at  [emperatures  below 
IS).  Ill  MnnpoBitloa  is  S0„TH,0,  end  density  VS.  Tliia  hydrate  CDFrvspondi  with  tlia 
aimilat  hjdrata  COj,bH,0  ottalned  by  Wroblofiaky. " 
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Acid  sodium  sulphite^  NaHSO,,  may  be  obtained  by  passing  sul- 
phurous anhydride  into  a  solution  of  sodium  hydroxide.  It  is  also 
formed  by  saturating  a  solution  of  sodium  carbonate  with  the  gas 
(carbonic  anhydride  is  then  given  off),  and  as  the  solubility  of  the  acid 
sulphite  is  much  greater  than  that  of  the  carbonate,  a  further  quantity 
of  the  latter  may  be  dissolved  after  the  passage  of  the  sulphuous 
anhydride,  so  that  ultimately  a  very  strong  solution  of  the  sulfate 
may  be  formed  in  this  manner,  from  which  it  may  be  obtained  in  a 
crystalline  form,  either  by  cooling  and  evaporating  (without. heating, 
for  otherwise  the  salt  will  give  off  sulphurous  anhydride)  or  by  adding 
alcohol  to  the  solution.  When  exposed  to  the  air  this  salt  loses 
sulphurous  anhydride  and  attracts  oxygen,  which  converts  it  into 
sodium  sulphate.  The  acid  sulphites  of  the  alkali  metals  are  not  only 
able  to  combine  with  oxygen,  but  also  with  many  other  substances — 
for  example,  a  solution  of  the  sodium  salt  dissolves  sulphur,  forming 
sodium  thiosulphate,  gives  crystalline  compounds  with  the  aldehydes 
and  ketones,  and  dissolves  many  bases,  converting  them  into  doable 
sulphites.  Having  the  faculty  of  attracting  or  absorbing  oxygen,  acid 
sodium  sulphite  is  also  able  to  absorb  chlorine,  and  is  therefore 
employed,  like  sodium  thiosulphate,  for  the  removal  of  chlorine  (as  an 
anticlilor),  especially  in  the  bleaching  of  fabrics,  when  it  is  necessary 
to  remove  the  last  traces  of  the  chlorine  held  in  the  tissues,  which 
might  otherwise  have  an  injurious  effect  on  them.  If  a  solution  of  an 
alkali  hydroxide  be  divided  into  two  parts,  and  one  half  is  saturated 
witli  sulphurous  anhydride,  and  then  the  other  half  added  to  it,  a 
normal  salt  will  be  obtained  in  the  solution,  having  an  alkaline  reaction, 
like  a  solution  of  sodium  carbonate.  The  acid  salt  has  a  neutral 
reaction.  Like  sodium  carbonate,  normcU  sodium  sulphite  has  the 
composition  Na2SO3,10H2O,  and  its  maximum  solubility  is  at  33° — in 
a  word,  it  very  closely  resembles  sodium  carbonate.  Although  this 
salt  does  not  give  off  sulphurous  anhydride  from  its  solution,  it  is  able, 
like  the  acid  salt,  to  absorb  oxygen  from  the  air,  and  is  then  converted 
into  sodium  sulphate. ^^ 

Besides  the  acid  character  we  must  also  point  out  the  reducing 
character  of  sulphurous  anhydride.  The  redu^ng  action  of  sulphurous 
acid,  its  anhydride  and  salts,  is  due  to  their  faculty  of  passing  into 
sulphuric  acid  and  sulphates.  The  reducing  action  of  the  sulphites  is 
particularly  energetic,  so  that  they  even  convert  nitric   oxide  into 

'7  The  nonnal  Baits  of  calciam  and  magnesium  are  slightly,  and  the  acid  salts  easily, 
soluble  in  water.  These  acid  salphites  are  much  used  in  practice ;  thas  calcium  bisul- 
phite is  employed  in  the  manufacture  of  cellulose  from  sawdust,  for  mixing  with  fibroos 
matter  in  the  manufacture  of  paper. 
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nitrousoxide:  K5e03+2NO  =  K,80,  +  NjO.  Thesftltsofmanyof  the 
higher  oxides  are  converted  into  those  of  the  lower — for  example,  FeX, 
into FeXj,  CuX,  into  CuX,  HgXj  into  HgX  ;  thus  aFeX,  +  BO,  +  2H,0 
=  2FeX2  +  H,S04  +  2HX.  In  the  presence  of  water,  sulphurous 
anhydride  is  oxidised  by  chlorine  (S0,+  2H,0+CI,=  H,80,  +2HC1), 
iodine,  nitrous  acid,  hydrogen  peroxide,  hypochloroua  acid,  chloric  acid, 
and  other  oxygen  compounds  of  the  halogens,  chromic,  manganic,  and 
many  other  nietHllic  acids  and  higher  oxides,  as  well  as  all  peroxides. 
Free  oxygen  in  the  presence  of  spongy  platinum  is  able  to  oxidise 
sulphurous  anhydride  even  in  the  absence  of  wat«r,  in  which  ease 
sulphuric  anhydride  SO,  is  formed,  so  that  the  latter  may  be  prepareii 
by  passing  a  mixture  of  sulphurous  anhydride  and  oxygen  orer 
incandescent  spongy  platinum,  or,  as  it  is  now  prepared  on  a  large  scale 
in  chemicftl  works,  by  passing  this  mixture  over  asbestos  or  pumice 
stone  moistened  with  a  solution  of  platinum  salt  and  ignitetl,  Sul- 
phurous anhydride  is  completely  absorbed  by  certain  higher  oxides— for 
instance,  by  barium  peroxide  and  lead  dioxide  (PbOi  +  SOj^PbSO,).'* 
There  are,  however,  cases  when  sulphurous  anhydride  acts  as  an 
oxidising  agent — that  is,  it  is  deoxidised  in  the  presence  of  substances 
which  are  capable  of  absorbing  oxygen  with  still  greater  energy  than 
the  sulphurous  anhydride  itself.  This  oxidising  action  proceeds  wit)) 
the  formation  of  sulphuretted  hydrogen  or  of  sulphides,  while  the 
reducing  agent  is  oxidised  at  the  expense  of  the  oxygen  of  the  sul- 
phurous anhydride.  In  this  respect,  the  action  of  stannous  salts  is 
particularly  remarkable.  Stannous  chloride,  SnCl,,  in  an  aqueous 
solution  gives  a  precipitate  of  stannic  sulphide,  SnSj,  with  sulphurous 
Buhydride— that  is,  the  latter  is  deoxidised  to  sulphuretted  hydrogen. 
A  solution  of  sulphurous  anhydride  has  n-lso  an  oxidising  action  on  dnc. 
The  zinc  passes  into  solution,  but  no  hydrogen  is  evolved,*'  because  a 


"  This  teMtioa  ia  Mken  ftdnnUge  ol  in  remorint;  snlphnroun  snh; dride  trom  s  mii- 
toie  of  gBMi.  Leftd  dioxide,  PbO,,  IB  bruwn,  itnd  when  combined  with  (ulpburoiiB  iinh]'- 
dTida  it  tonni  lead  aolpliittv,  PbflOi,  which  ia  vbite,  ao  that  the  reaction  is  Hvideat  lioth 
fimD  the  chtuige  in  colnar  uid  derelopment  of  heat.  Bnlpharous  anhydride  i«  alowl; 
d  by  the  action  nt  light,  *ith  the  wparatian  of  aolphnr  and  formation  of  enl- 
ic  anhydride.  This  eipluna  the  laut  that  aalphnrana  anhj^ride  prppared  in  ths 
dark  givea  a  while  precipitate  ol  silver  anlphile,  Ag,80j,  with  eilrer  rhlorate,  AgClO,. 
but  when  prepared,  even  in  difluaod  light,  it  gireo  a  dark  prwipital*.  This  natnrally 
dependa  on  the  fact  that  the  aalphor  liberated  then  forma  BJlver  sulphide,  which  ia 
black. 

'*  Schcinebein  obaerred  Ihnt  Ihe  liqnid  turns  j-ellow.  and  ai^jnirea  tlio  faculty  of 
daoolorinng  litmna  and  indigo.  SchUtaenberger  ahuwed  (hat  thia  dependa  on  the  forma- 
tion of  a  line  salt  of  »  peculiar  and  very  powerfnlly-redncing  acid,  far  with  cupric  ulti 
the  yellow  aolution  girea  a.  red  precipitate  of  cuproua  hydride  or  metallic  copper,  and  11 
ledBoea  aalla  of  eilrer  and  merruiy  entirely.  An  eiaotly  aimilar  aolution  is  obtHned  by 
if  Dnc  on  aodiom  biaulpliite  without  acceu  ol  tit  and  in  the  cold,    Tha- 
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salt  of  hypomlphurous  acid^  2028204,  is  formed.     The  free  acid  is  still* 
less  stable  than  the  salt. 

The  faculty  of  sulphurous  anhydride  of  combining  with  TariaQS 
substances  is  evident  from  the  above-cited  reactions,  where  it  combines 
with  hydrogen  and  with  oxygen,  and  this  faculty  also  appears  in  the 
fact  that,  like  carbonic  oxide,  it  combines  with  chlorine,  forming  a 
chloranhydride  of  sulphuric  acid,  SO. ^01 2,  to  which  we  shaU  afterwards 
return.  The  same  faculty  for  combination  also  appears  in  the  salts  of 
sulphurous  acid,  in  their  liability  to  oxidation  and  in  the  exceedingly 
characteristic  formation  of  a  peculiar  series  of  salts  obtained  by  Pelouze 
and  Fr^my.  At  a  temperature  of  —  1 0°  or  below,  nitric  oxide  is  absorbed 
by  alkaline  solutions  of  the  alkali  sulphites,  forming  a  peculiar  series 
of  nitrosulphaies.  At  a  higher  temperature,  these  salts  are  not  formed, 
but  the  nitric  oxide  is  reduced  to  nitrous  oxide.  But  in  the  cold,  the 
liquid  saturated  with  nitnc  oxide  after  a  certain  time  gives  prismatic 
crystals  resembling  those  of  nitre.  The  composition  of  the  potassium 
salt  is  K2SN2O5 — that  is,  the  salt  contains  the  elements  of  potassium 
sulphite  and  of  nitric  oxide.*® 

yellow  liquid  absorbn  oxygen  from  tbe  air  with  great  avidity,  and  forms  a  iialphate. 
If  the  solution  be  mixed  with  alcohol,  it  deposits  a  double  sulphite  of  zinc  and  sodiom, 
ZnNa)(S03)2,  which  does  not  decolorise  litmus  or  indigo.  The  remaining  alcoholic  soln- 
tion  deposits  colourless  crystals  in  the  cold,  which  absorb  oxygen  with  great  energy  in 
the  presence  of  water,  but  are  somewhat  stable  when  dried  under  the  receiver  of  an  air- 
pump.  When  these  crystals  are  oxidised  in  the  presence  of  air  and  water  ihey  give 
sodium  bisulphite.  The  solution  of  these  crystals  has  the  above-mentioned  decolor- 
ising and  reducing  properties.  These  crystals  contain  a  sodium  salt  of  a  lower  acid ;  their 
composition  was  at  first  supposed  to  be  HNaS02,  hut  it  was  afterwards  proved  that  they 
did  not  contain  hydrogen,  and  present  the  composition  Na2S<|04  (Bemthsen).  The  same 
salt  is  formed  by  the  action  of  a  galvanic  current  on  a  solution  of  sodium  bisulphite, 
owing  to  the  action  of  the  hydrogen  at  the  moment  of  its  liberation. 

^^  The  instability^  of  this  salt  is  very  great,  and  may  be  likened  to  that  of  the  com- 
pound of  ferrous  sulphate  with  nitric  oxide,  because  when  heated  under  the  contact  influ- 
ence of  spongy  platinum,  charcoal,  ^"^c,  it  splits  up  into  potassium  sulphate  and  nitrous 
oxide.  At  130°  the  dry  salt  gives  off  nitric  oxide,  and  re-forms  potassium  sulphite.  The 
free  acid  has  not  yet  been  obtained.  These  salts  resemble  the  series  of  Bulphonitrite* 
discovered  by  Fr^my  in  1845.  They  are  obtained  by  passing  sulphurous  anhydride 
through  a  strong  and  highly  alkaline  aqueous  solution  of  potassium  nitrite.  They  are 
soluble  in  water,  but  are  precipitated  by  an  excess  of  alkali.  The  first  product  of  the 
action  has  the  composition  K5NS3HO0.  It  is  then  converted  by  the  further  action  of 
sulphurous  anhydride,  cold  water,  and  other  reagents  into  a  series  of  similar  complex 
salts,  many  of  which  give  well-formed  crystals.  One  must  suppose  that  the  chief  cause 
of  the  formation  of  these  very  complex  compounds  is  that  thoy  contain  unsaturated  com- 
pounds, NO,  KN0<2,  and  KHSO,^,  all  of  which  are  subject  to  oxidation  and  further  com- 
bination, and  therefore  easily  combine  among  each  other.  The  decomposition  of  these 
compounds,  with  the  evolution  of  ammonia,  when  their  solutions  are  heated  is  due  to  the 
fact  that  the  molecule  contains  the  deoxidant,  sulphurous  anhydride  (Vol.  L  p.  258),  which 
reduces  the  nitrous  acid,  NO(OH),  to  ammonia.  In  my  opinion  the  composition  of  the 
sulplioniiritcs  may  be  very  simply  referred  to  the  composition  of  ammonia,  in  which  the 
hydrogen  is  partly  replaced  by  the  radicle  of  the  Bulphates.    If  we  represent  the  compo- 
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There  are  yet  several  other  substances,  formed  by  the  oxides  of 
nitrogen  and  sulphur,  which  belong  to  tliis  close  of  complex  And,  under. 
Eonie  circuniEtances,  unstable  compounds.  In  the  manufucture  of 
sulphuric  acid,  both  these  classes  of  oxides  come  into  contJict  with  each 
other  in  the  lead  chambers,  and  if  there  be  insufficient  water  for  the 
formation  of  eulpbui-ic  acid  they  give  crystalline  compounds,  termed 
<Aatiti>er  cryttaU.  As  a  rule,  the  composition  of  the  crystals  is  ex- 
pressed by  the  formula  NHSOj.  This  is  a  compound  of  the  radicles, 
N0„  of  nitric  acid  and,  HSO;,,  of  sulphuric  acid,  or  nitrosulphuric 
acid,  NOj-SHOa,  if  sulphuric  acid  be  expressed  as  OH  SHO,  and  nitric 
by  NOj-OH.  The  tabular  crystals  of  this  substance  fuse  at  about  70°, 
are  formed  both  by  the  direct  action  of  nitrous  anhydride  or  nitrio 
peroxide  on  sulphuric  acid  (Weltzen  and  others),  and  especially  on 
sulphuric  acid  containing  anhydride — for  example,  by  means  of  the 
lower  oxides  of  nitrogen  and  the  higher  oxides  of  sulphur — and  also 
by  the  action  of  the  lower  oxides  of  sulphur  and  nitric  acid." 


liUoD  of  potusinin  sulphAte  ««  KO*KSOs,  then  the  gioap  ESQ]  vrill  b«  eqaiiKlent 
(Kcording  to  the  Uw  u[  Bub»tilUlion»)  to  HO  uid  to  Uydrmjen.  It  oombinoB  with 
fafdrogen.  fiinning  the  iKikaninm  ftcid  solpbite,  EHEtOj.  Tlierelore  the  grouii  K90j 
nuj  kI«  replace  the  b;drr>Ken  in  ammonia.  Cadging  by  my  aualysiB  (1870)  the  eitremii 
limit  or  thia  gabatitation,  N(HSOi)i.  f^™  "ith  that  o[  the  BOlliha-tiilnte.  nhioh  ia 
eaailr  totmed,  aimnltaneaQBly  with  atkdii,  by  tha  action  ot  pnlnwium  mtphita  on  polM- 
nam  nitrite,  according  (u  the  eflUfttion  bK(K9O3)  +  KS0,4-3K,O=.N(KS0sIj+*HK0. 
The  rewarcheiDt  Bergluod,  and  eBpecially  of  BtucliiK  (lSBT),ttillf  yeriBed  m;  conda- 
rioua,  and  ahoired  tbst  w«  must  diatin)-ai>h  tha  loUowing  Ijpei  of  aalta.  corrssponding 
iritb  ammonia,  where  X  atanilii  for  the  auljibonic  group.  HSO:,,  in  which  the  hydroKED  ia 
teptaced  by  potaesiami  henco  X  =  KSO,:  (1)  NH^,  (S)  NHX,.  (fl)  NX,,  (*)  N(OH)Xe, 
(G)  N(OH)Xh  10)  N(OH).,X.  juat  at  NH,(OH)  is  hydroiyUmine.  NH(OH|,  i<  the  hydtate 
of  nhnitia  oiide,  and  N|OH)j  is  orthonitroas  acid,  aa  lullova  from  the  law  of  sab- 
(titationa.  Thia  olau  of  compoundi  is  in  moJt  intimate  relation  with  tha  univt,  of 
colphooiCronH  compDnnda,  correHjiouiliug  with  'chamber  cryatale  '  and  their  acids,  which 
we  ahall  Gonaidet  later. 

*'  In  the  eulphoric  acid  chambera  the  lower  oiidea  ol  nitrogee  and  anlphnr  takv  part 
in  tbc  reaction.  They  are  oiidiaed  hy  the  oxygen  ot  the  air,  and  form  i.itro-aulphnria 
Mid— tor  enunple,  9SO,  +  N,0]  +  O.,  +  H,0  ^  SNHSOi.  This  compound  diswlrea  in  etrous 
aalpbnric  acid  wilhoat  changing,  and  when  thia  eotntion  ia  diluted  (when  the  ap.  gr.  falls 
to  I't)  it  Bphla  Dp  into  tnlphuric  acid  and  nilroaa  anhydride,  and  by  tha  action  of  sul- 
pfanimu  anhydride  ia  converted  into  nitric  oiide,  which  by  itaelf  |in  the  absence  of  nitrio 
Mid  itf  oxygen)  ia  inaolnble  in  anlphnric  oold.  Tlieae  reacliona  are  taken  advantage  of 
in  nUining  the  oiidea  ot  nitrogen  in  the  Oay-Lueaac  coke-towers,  and  for  extracting  tha 
■bsorbed  oxides  of  nitrogen  from  the  resultant  Bolntion  in  the  Glover's  tower  (Vol.  1.  p. 
SM).  AJthcrugh  Ditric  oxide  ia  not  abaurbed  hy  aulphario  acid,  It  reacts  (Rose,  DrliDing) 
OB  its  anhydride,  and  forma  anlph a rona anhydride  and  a,  crystallina  aubetanca,  NjSiOg' 
>H0  -*-  SSOi-  SO,  =  NjOiSSOi.  Thi<  may  be  regarded  aa  Ihe  anhydride  of  Ditro-Bulphnrio 
'i^be»naeK,a,0,>-9NUSOj-H,0;  like nitn>.BnIpbiiric acid, it  isdeoimpoaadbywater 
ro-BoIpliurlo  scid  and  nilnma  anhydride.  Since  boric  and  anenioos  anhydride*. 
Mid  other  oiidea  ot  the  form  R^Oj  are  able  to  combine  with  aulphuric  anhydride 
■imiUr  oompoonds  decomposable  by  water,  (he  above  compound  does  nil 
ttwi  J  OOVptiODai  pbenomenoa. 
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Thiointlplniric  acid,  HiSjOa — that  is,  a  compound  of  Bulphuroua 
acid  and  sulphar—also  belongs  to  the  products  of  combinotion  of  sa]' 
phurous  acid.  In  a  free  state  it  is  very  unstable  and  it  is  only  known 
in  the  form  of  its  salts  proceeding  from  the  direct  action  of  sulphur  on 
the  normal  sulphites ;  if  endeavours  be  made  to  separate  it  in  a  free 
state,  it  immediately  splits  up  into  those  elements  from  which  it  might 
l>e  formed— that  is,  into  sulphur  and  sulphurous  acid.  The  most 
important  of  its  salts  is  the  soilium,  thioaulphcite,  >'a,S,03,5H,0, 
tvhich  occurs  in.  colourless  crysbils,  which  are  unacted  on  by  atmo- 
spheric oxygen  either  when  in  a  dry  state  or  in  solution.  Many  other 
salts  of  this  acid  are  easily  formed  by  means  of  this  salt,  although  this 
cannot  be  done  with  nil  bases,  for  such  bases  as  alumina,  ferric  oxide, 
chromium  oxide,  and  others  do  not  give  compounds  with  tliiosulphurio 
acid,  just  as  they  do  nut  form  stable  compounds  with  carbonic  acid.. 
Whenever  these  salts  might  be  formed,  they  (like  the  acid)  split  up 
into  sulphurous  acid  and  sulphur,  and  furthermore  the  elements  of 
thiosulphuric  acid  in  many  cases  act  in  a  reducing  manner,  forming 
sulphuric  acid  and  taking  up  the  oxygen  from  reduciVile  oxides.  Thas,- 
when  treated  with  a  thiosulphate  the  soluble  ferric  salts  give  a  precipi- 
tate of  sulphur  and  form  ferrous  salts,  in  which  case  it  is  the  elemeoti 
of  sulphurous  acid  which  act:  HjS.,03=S05+S-hHjO.  The  thio- 
Bulphatea  of  the  metals  of  the  alkalis  are  obtained  directly  by  boiling 
a  solution  of  their  sulphites  with  sulphur  :  Na,S0a-l-S=Na,S,Oj,  The 
same  salts  are  formed  by  the  action  of  sulphurous  anhydride  on  solu- 
tions of  the  sulphides  ;  thus,  sodium  sulphide  dissolved  in  water  givci 
sulphur  and  sodium  thiosulphnte,  when  a  stream  of  sulphurous  anhy- 
dride is  passed  throughit:  2Na,jS  +  3SO,=3Na,S,0,-|-S.  The  poly- 
sulphides  of  the  alkali  metals  when  left  exposed  to  the  ur  attrMt 
oxygen  and  also  form  thiosulphates.*' 

*■  Thni  when  alkali  wflnte,  which  eontninB  puloinm  tmlphida.  nniJcrKocB  nxiduion  in 
the  iiir  it  first  fonnB  n  calciam  polj sulphide,  and  then  calcium  thiomlphste,  Cua/J.v  11 
iron  or  sine  sets  on  n  solubion  ol  snlphuTans  acid,  then,beBideB  the  hvpoBulphorous  acid 
firat  formed,  n  miiture  of  salphite  and  thiDsnlphnte  in  obtained.  Thas.  lor  example,  vltli 
iino,8SO,j-t-Znj  =  Zn30j  +  ZnSaO,v  In  thia  caee,  oa  in  the  formation  of  LypoBnlphnroOB 
acid,  there  is  no  hyflnigen  liberated.  One  of  (he  most  common  methods  for  preparing 
thionilphateB  consiHtB  in  the  arlion  o/  lulphuron  the  alkalii.  The  reMlion  ia  accom- 
panied by  the  formation  of  BnlphideB  and  thiocnlphiites,  JDst  as  the  reacdod  of  chlorio* 
on  alkaliB  is  aeoompanied  bj  the  formation  of  hypochlorites  and  chlorides ;  hence  in  this 
respect  the  thiosalphates  hold  the  aame  position  in  tho  order  of  ihe  compounds  of  mt> 
phnr  0.1  the  hypoulilarites  do  smonK  the  chlorine  componuds.  The  reaotion  of  canstio 
noda  on  an  eicBBB  of  sulphur  meyheexprensed  thas;  ONaHO  +  19S>c3Na,S,-*-^'aJ3tOJt 
SH30.  ThnsButphnriBBolublBinalknliH.  On  a  large  Bcale  »odinm  Ihiosnlphate,  No^StOv  i» 
prepared  by  first  heating  sodium  eiOphnte  Kith  chatooel,  to  formBodinmeiilpliidB,  irhickii 
then  dimolved  in  water  and  tnnted  with  mlphntons  nnlifdride.  The  reaclloii  tt  com- 
pleted when  the  solution  bceoniag  slightly  acid.      A  cortniii  amount  ol  caustic  alkali  i* 
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Although  sulpbur,  iii  combining  directly  with  oxygen,  only  forms  a 
BDiall  quantity  of  sulphuric  anhydride,  ISO3,  and  nearly  all  passes  into 
sulphurous  anhydride,  still  the  latter  may  be  converted  into  the  higher 
oxide,  or  stilpkiiric  anh-idndf,  SO3,  by  many  methods,  Hulphuric 
anhydride  is  a  solid  crystalline  substance  fit  the  ordinary  temperature  ; 
it  is  easily  fusible  (16°J,  and  volatile,  ujid  attracts  moisture  with  great 

Itdded  to  diQ  aligbtlf  ftcid  Bolation ;  a  portion  of  the  BUlpbor  ia  tbua  preoiplLaled,  and  the 
•olatiun  is  tliau  bulled  and  evaparated  in  ordar  to  cryiitaUiRe  out  the  salt.  The  aatun- 
tion  of  Ihe  aolutioa  of  aodium  BUlpbide  by  sulpbnroas  anhydride  is  oarried  on  in  different 
WBys— far  eianiplo,  by  msiinB  oi  i-oke  towers,  by  caaaing  llie  solntion  of  inlphide  to 
tricklBoier  ths  coke,  and  tba  aulphuroas  udiydride,  obtuned  by  burning  mlpbnr,  to  pua 
up  tlie  floke  towsr  from  below.  An  eiMsa  of  enlpburoDii  uiliydride  naiit  be  avoided,  at 
otlierwiae  Bodinm  trittiionste  ie  Formed.  Sodium  thioDDlphate  is  ulao  prepared  by  tile 
doiUile  deoompaailion  o[  the  anlntile  oalcinm  thioiHilphkte  with  aodiam  BolpbaU  or  cnr- 
JkiubIs,  in  which  cane  calciuiD  salpbate  or  carbonate  i»  precipitated.  The  calcium  thio- 
nilpliate  ia  prepared  by  the  action  by  enlpbuniue  ajiliydrida  on  eitbai  calcium  salphide  or 
alkali  wneb).  A  dilnte  aolntian  of  ealeiuiu  Ihiasulpbate  may  be  obtained  by  trentinj;  alkali 
VWte  which  baalHwn  eipoiedto  Ihe  action  of  air  with  water.  On  eTapoubion,  tliia  mlo- 
tioa  girsa  ciystalBiif  the  salt  containing  5  molecules  H,0,  A  aalution  of  calcium  thioanl- 
pbalo  mnat  be  eniponted  nith  great  core,  beconite  otlierwise  tlie  salt  breaks  up  into  Bulpbnr 
»nd  calciom  sulpbide.     Even  the  cryatalliaed  aoll  oomelimas  undergoes  this  change. 

The  erj-dtals  ol  aodtnm  tbioHulpliate  ace  stable,  do  not  efSoieice,  and  at  0'  diasalre  in 
Oiia  port  of  water,  oud  at  BO'  in  0*0  part.  The  eolution  of  this  aalt  does  not  undergo 
f/ay  diBjige  «ben  boiled  lor  a  abort  time,  but  after  prolonged  boiling  it  depoaita  Bnlphui. 
The  urystaile  luea  at  Bfl°,  and  lose  all  (heir  water  Mt  100°.  When  the  dry  aolt  ia  ignited 
il  giTM  todinm  anlpbiili)  and  Bolpbate.  With  acids.,  a  eolntion  of  the  thioaatpbate  eoon 
becomea  cloudy  and  depDaita  an  e:cceediiigly  fine  powder  of  eulphor.  If  the  amount  of 
■^  added  be  conaidemble  it  also  avolves  aulpboroua  anhydride,  owing  to  the  inetability 
of  the  bypoaalphuroua  aeid  itself:  H.,SsOj  =  H^O  +  S  +  SO,.  Sodiem  tbioaulpha& 
hoe  many  practical  uaea;  it  is  aaed  in  photography  tar  diaaolring  ailvar  chloride  and 
bromide.  Its  wlreat  oeUon  on  ulver  chloride  ma;  be  token  advantage  of  in  extracting 
tbia  metal  as  chloride  from  its  orea.  In  disaolvintj.  it  forme  a  dauble  salt  of  ailver  and 
•odinm:  AgCl  +  Na.;»/),,-NaCl-<- AgNaS-jOj.  Sodium  thiusalpbate  ia  an  anH-hlor— 
Bulii,  a  anbataoce  which  hinders  Ihe  deetrnctive  aftionol  bee  chlorine  owing  to  it>  lieing 
rery  easily  oiidiaed  by  chlorine  into  aulphiuic  acid  and  aoditua  chloride.  The  reaction 
with  iodine  is  different,  and  ia  remarkable  for  the  accnracy  with  which  it  proceeds.  The 
Iodine  talras  up  halt  the  aodium  from  Che  salt  and  conrerta  it  into  a  tetratbienate ; 
^N>,a^-i-I,^3NaI  +  Xa9SjO„.  Hence  a  oolnlltin  of  sodiDm  tbioeulphate  maybe 
employed  for  tbe  determination  o(  Iree  Iodine,  Ae  iodine  ia  etpelled  from  potaaaiom 
todide  by  chlorine,  it  is  poasible  alao  to  determine  the  amount  ol  chlorine  by  this  method 
(t  polaaaiiun  iodide  be  added  to  a  lolution  oontairtiiig  chlorine.  And  oa  many  of  the 
bighcv  oxides  are  able  to  evolve  iodine  from  potoasiiuu  iodide,  or  cblurine  from  bydro- 
Wiloiie  add  (for  example,  the  higher  oxides  of  maDgaueiia,  chromium,  &c.),  it  is  alao 
fMtible  to  determine  tbe  amnunta  of  these  higher  oiidea  by  meoua  of  aodium  thioaul- 
phate  and  liberated  iodine.  The  details  of  those  metboda  must  Le  looked  for  in  booka 
«a  uialytJcal  chemialry. 

Ou  adding  a  solution  of  a  leadiall  gradually  to  a  solution  of  aodinin  Ibloenlphale,  there 
la  formed  a  white  precipitate  of  lead  thioaulphale.  PbS.jO,  (at  first  in  Ihia  reaction  a  solnblj 
doable  salt,  and  il  the  action  be  rapid,  lead  Dulphide).  When  this  anbataiiiv  ia  heated  at  SIW, 
it  Qodergoea  a  change  and  takes  flro.  Sodium  thio  anlphate  in  solution  soon  reduces  the 
Mprio  salts  into  cuprous  suits  by  means  of  the  sulphu  reus  acid  eotilained  in  tbe  thiosnlpbat  e, 
knt  the  resnllsnt  cuprous  oxide  is  not  precipitated,  because  itpoeaea  into  the  state  otathio- 
'■alphate  and  forma  a  double  salt  with  the  bypoaulphite  taken.    These  doable  cnptoOi 
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energy.  Although  it  is  formed  hy  the  combination  of  snlpBurocis 
anhydride  with  oxygen,  it  is  liable  to  further  combination.  Thus  it 
combines  with  water,  hydrochloric  acid,  ammonia,  with  many  hydro- 
carbons, and  even  with  sulphuric  acid,  boric  and  nitrous  anhydrides^  (fee., 
not  to  mention  bases  which  bum  directly  in  its  vapour,  forming 
sulphates.  The  oxidation  of  sulphurous  anhydride,  SO^,  into  sulphuric 
anhydride,  SO3,  is  accomplished  by  passing  a  mixture  of  the  former 
and  dry  oxygen  or  air  over  incandescent  spongy  platinum,  by  means  of 
which  a  combination  takes  place  between  the  two  gases.  An  increase 
of  pressure  accelerates  the  reaction  (Hanisch).  If  the  product  be 
passed  into  a  cold  vessel,  crystalline  sulphuric  anhydride  is  deposited 
upon  the  sides  of  the  vessel,  but  as  it  is  difficult  to  avoid  all  traces  of 
moisture  it  always  contains  compounds  of  its  hydrates  :  H^SfOy  and 
H2S4O13,  whose  presence  so  modifies  the  properties  of  the  anhydride 
(Weber)  that  formerly  two  modifications  of  the  anhydride  were  recog- 
nised (Marignac,  Schultz-Sellack,  and  others).  The  same  (an  impure 
but  perfectly  anhydrous  anhydride  is  formed  by  distilling  over  phos- 
phoric anhydride)  sulphuric  anhydride  may  be  obtained  from  certain 
anhydrous,  or  almost  so,  sulphates,  which  are  decomposed  by  heat. 
Such  are,  for  instance,  the  acid  sodium  sulphate,  NaHSOf,  and  the 
pyro-  or  di -sulphate,  NaiSi07(Vol.  T.  p.  510),  formed  from  it,  which  when 
ignited  evolve  sulphuric  anhydride  ;  also  ferrous  sulphate,  and  certain 
other  salts  which  are  easily  decomposed  by  the  action  of  heat.  If  the 
sulphate  taken  decomposes  at  a  very  high  temperature,  sulphuric 
anhydride  is  not  obtained,  but  is  split  up  into  oxygen  and  sulphurous 
anhydride.  Green  vitriol — that  is,  ferrous  sulphate,  FeS04 — belongs  to 
the  number  of  those  sulphates  which  easily  give  off  sulphuric  anhydride. 
It  contains  water  of  crystallisation,  and  parts  with  it  when  it  is  heated, 
but  the  last  equivalent  of  water  is  driven  off  with  difficulty,  just  as  is 
the  case  with  magnesium  sulphate  ;  however,  under  the  action  of  a 
powerful  heat  this  evolution  of  sulphuric  anhydride  does  take  place, 

salts  are  excellent  redncing  agents.  The  solution  becomes  colourless  on  the  formation 
of  cuprous  salts,  and  when  heated  it  giyes  a  black  precipitate  of  copper  sulphide. 

The  following  formulsB  sufficiently  explain  the  position  held  by  thiosulphnric  acid 
among  the  other  acids  of  sulphur : 

Sulphurous  acid  803H(OH) 

Sulphuric  acid  SO^OHiOH) 

Thiosulphnric  acid  SO^SHCOH) 

Hyposulphurous  add  S02H(S02H) 

Dithionic  acid  SOjOHCSOjOH) 

At  one  time  !t  was  thought  that  all  the  salts  of  thiosulphnric  acid  only  existed  with 
water,  and  it  was  then  supposed  that  their  composition  was  H4S3O4,  or  H^SO^i  but  Popp 
obtained  the  anhydrous  salts* 
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Although  not  completely,  because  at  a  high  temperature  a  portion  of  it 
ia  tlecompoaed  by  the  ferrous  oxide  (.SOj  +  2FeO),  which  ia  coovert«d 
into  ferric  oxide,  Fe^Oj,  and  in  coa.sequence  a  portion  of  the  sulpliuric 
anhydride  is  converted  inco  sulphurous  anhydride.  Thus  the  produtta 
of  the  decora poiiition  of  ferrous  sulphate  will  be  :  ferric  oxide,  Fe.jOj, 
sulphurous  anhydride,  SOj,  and  sulphuric  anhydride,  BO3,  according  to 
thee(|uation:  2FeSO,=Fe,03  +  SOj+SOj.  As  water  still  remains  with 
the  ferrous  sulphate  when  it  is  heated,  the  result  will  partially  consist 
of  the  hydrat«  HjSO„  with  anhydride,  8O3,  dissolved  in  it.  Sulphuric 
acid  was  for  a  long  time  prepa''oi  in  this  manner;  this  process  was 
formerly  cftrrii>d  on  on  a  large  scale  in  the  neighbourhood  of  Nord- 
hnusen,  and,  therefore,  the  sulphuric  acid  prepared  from  ferrous  sul- 
phate is  called  yitwiiiy  A'ord/uiHxeH  acid.  At  the  present  time  the 
fuming  acid  is  prepared  by  passing  the  Tolatile  products  of  the  decom- 
position of  ferrous  sulphnte  through  strong  sulphuric  acid  prepared 
by  the  ordinary  method.  The  sulphurous  anhydride  is  insoluble  in  it, 
but  it  absorbs  the  sulphuric  anhydride.  Sulphuric  anhydride  may  be 
better  prejiared  by  igniting  a  mixture  of  sodium  pyrosulpbat*,  Na.jS,Oj, 
and  magnesium  sulphate  (Walters  ;  the  decomposition  proceeds  at  600°) 
than  from  ferrous  sulphate  or  sodium  pyrosulphate  alone  ;  because  in 
the  former  case  there  remains  a  statle  double  salt  MgNa(SO,),, 
Xordhsusen  sulphuric  acid  fumes  in  air,  owing  to  its  containing  and 
easily  giving  off  sulphuric  anhydride,  and  it  is  therefore  also  called 
fuming  milphurie  acid ;  these  fumes  arc  nothing  but  the  vapour  of 
sulphuric  anhydride  combining  with  the  moisture  in  the  air,  and  forming 
non-volatile  sulphuric  acid  (hydratfl).'^ 

Kordhausen  sulphuric  acid  as  a  solution  of  sulphuric  anhydride  in 

*>  Norfhauiwii  enlphnrie  acid  lany  sotra  aa  n  very  almjile  meuiB  tor  tlie  prepRration  of 
ralphnric  mnh^dtide.  For  this  purpose  the  dordhaasen  acid  ia  heated  in  a  glass  retort, 
whose  neck  is  Brmlf  flied  m  tile  moath  of  a  weil.coolod  flag)!.  Tlie  aacote  of  moiatare 
i>  ptevented  bj  oonaevting  the  receiver  with  a  drying  ia\se.  On  healing  the  retort  the 
Taponri  of  the  rolalile  salphDripaiihfdridi-  will  pHBS  oiei  into  the  recaiver,  where  they 
condenic;  the  anhydride  tliui  prepared  vill,  howe-ver,  conlain  traces  of  aulpbune  acid— 
that  i>,  tit  the  hydrate— bvcaiiae  it  rapidly  attracla  moiature  from  the  air  and  foriDs 
■ulpbnrio  acid.  Bf  repeatedly  diotillinj;  over  phoBphoHc  anhydride,  it  is  posaible  to 
obtain  the  pore  anhydride,  SOj,  especially  if  Vbe  procens  b«  carried  oa  witbout  acoeai 

TheordinaryBulphoric  anhydride,  whioh  i»  imperfectly  freed  from  Ihi  Lydralo,  is  a 
■ai>w.white,  BXCeedinKly  lolftlUe  anbalance ;  it  fnsaa  at  IB"  ioto  a  colonrloBH  liquid  liavisg 
a  •pecifio  gravity  at  M"  =lal,  Snd  at  17°  -I'Sl;  it  Tolatilises  at  JB°.  After  being  kept 
fotaome  time  this  sDhslance  nndergoes  a  ehrnig-e,  a  iBiall  qujiotity  ot  snlphario  acid 
oomhiniog'  by  defirees  with  a.  large  proportion  of  the  anhydrid«.  tormilig  pulyanlpbnrio 
Mnda,  HtBO„n80i,  which  fuae  with  dltBoUlty  (ereti  at  100°,  Marignac),  hut  deoompose 
when  heated.  In  the  entire  abnance  ol  water  tbii  rise  in  the  taaing  point  does  not  occur 
<Weber),  and  then  the  anhydride  long  remaina  liquid,  and  eolidiUss  at  aboat  +16=,  rcJf. 
u  at  <0°,  andhaa  a  BpBoiflc  graTily  I'M  at  10°. 
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Bulphuric  acid  contains  a  peculiar  compound  of  these  substances,  or 
pyrosulphuric  add ;  an  imperfect  anhydride  of  sulphuric  acid,  H^S^Ot, 
analogous  in  composition  with  the  salts,  NagS^O;,  KjCr^Oj,  and  similar 
pyro-salts  or  anhydro-acid  salts.  At  all  events  the  bond  holding 
the  sulphuric  acid  and  anhydride  together  is  unstable.  This  is  obvious 
from  Ihe  fact  that  the  anh}dride  may  easily  be  separated  from  this 
compound  by  the  action  of  luat.  In  order  to  obtain  the  definite  com- 
pound, the  Nordhausen  acid  is  cooled  to  5°,  or,  better  still,  a  portion  of 
it  is  distilled  until  all  the  anhydride  and  a  certain  amount  of  sulphuric 
acid  have  passed  over  into  the  distillate,  which  will  then  solidify  at  the 
t)rdinary  temperature,  because  the  compound  1X2804,803  fuses  at  35®. 
Although  this  substance  reacts  on  water,  bases,  kc,  like  a  mixture  of 
8O3  +  H28O4,  still  as  a  definite  compound,  H282O7,  exists  in  a  free 
state  and  gives  salts  and  a  chloranhydride,  820^012/^  w'e  most  admit 
the  existence  of  a  particular  pyrosulphuric  acid,  like  pyrophosphoric  acid, 
remarking  only  that  the  latter  imperfect  anhydride  has  a  far  greater 
stability  and  is  not  even  converted  into  a  perfect  hydrate  by  water. 
Further,  the  salts  M282O7  dissolved  in  water  react  in  the  same  manner 
as  the  acid  salts  MHSO4,  whilst  the  imperfect  hydrates  of  phosphoric 
acid  (for  example,  PHO3,  H4P2O7)  have  independent  reactions  even  in 
an  aqueous  solution  which  distinguish  them  and  their  salts  from  the 
perfect  hydrates. 

Sulphuric  acid,  H^SO^,  is  formed  by  the  combination  of  its  anhy> 
dride,  8O3,  and  water,  with  the  evolution  of  a  large  amount  of  heat  ; 
the  reaction  8O3  +  H2O  develops  21300  heat  units.  The  methods 
of  its  preparation  on  a  larger  scale,  as  well  as  the  majority  of  known 

**  Pyrosulphuric  chloranhydride,  or  pyrosulphuryl  chloride^  S2O5CI.2,  corresponds 
with  pyrosulphuric  acid,  in  the  same  way  that  sulphuryl  chloride,  SO2CI4,  corresponds 
with  sulphuric  acid.  The  composition  S^O^CI^  ■<'  SO-^Cl^  +  SO5.  It  is  obtained  by  the  action 
of  the  vapour  of  sulphuric  anhydrid*)  on  sulphur  chloride :  S3CI2  ^  SSOj  =  SSO^  't-  S^OsClf. 
It  is  also  formed  (and  not  sulphuryl  chloride,  SO^Cl^,  Michaelis)  by  the  action  of  phos- 
phorus pentachloride  in  ekcese  on  sulphuric  acid  (or  its  first  chloranhydride,  BHO3CI). 
It  is  an  oily  liquid,  boiling  at  about  160°,  and  of  sp.  gt.  1'8.  According  to  Konovaloff 
(Vol.  I.  p.  814),  its  vapour  density  is  normal.  It  should  be  noticed  that  the  same  substance 
is  obtained  by  the  action  of  sulphuric  auliydride  on  sulphur  tetrachloride,  and  also  on 
carbon  tetrachloride,  and  this  substance  is  the  last  product  of  the  metalepsis  of  CH4,  and 
therefore  the  comparison  of  SCI2  and  B^^Cl^  with  products  of  metalepsis  (see  further) 
also  finds  confirmation  in  particular  reactions.  Rose,  who  obtained  pyrosnlphuryl 
chloride,  S^O^Cl^,  regarded  it  as  SCl«,5SOs,  for  at  that  time  they  always  endeavoured  to 
find  two  component  parts  of  opposite  polarity.  And  then  the  substance  in  qaestioii 
was  cited  as  a  proof  of  the  existence  of  a  hexachloride,  9C1«.  Pyrosulphnryl  chloride  is 
decomposed  by  cold  water,  but  more  slowly  than  chlorosttlphurio  acid,  and  the  other 
chloranhydrides. 

The  relation  between  pyrosulphuric  acid  and  the  normal  acid  will  be  obvious  if  we 
express  the  latter  by  the  formula  0H(S03H),  because  the  sulphonic  group  (SO5H)  k 
evidently  equivalent  to  OH,  and  consequently  to  H,  and  therefore  if  we  replace  both  the 
hydrogens  in  water  by  this  radicle  we-ehall  obtam  (S05H)20— that  is,  pyroMdphaiio  eeid. 
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methods  for  its  foiiniition,  ure.  depetident  on  tlie  oxidation  of  sul- 
phurous anhydride,  and  the  formation  of  sulphuric  a&liydride,  which 
forms  sulphuric  acid  under  the  action  nf  u'uter.  The  technical  mode 
of  its  manufacture  has  been  described  in  Chap.  VI.,  Vol.  1.  p.  284. 
The  acid  obtBinedyiw"  tite  had  chamherg  is  diluted  with  a  considerable 
amount  of  water,  and  \s  also  impure,  o~»'ing  to  the  presence  of  oxides 
of  niti'ogen,  lead  compounds,  and  certain  impurities  from  the  burnt  sul- 
phur which  have  come  o^'er  in  a  gaseous  and  vaporous  state  (for 
example,  arsenic  compounds).  For  practical  purposes,  hardly  any 
notice  is  taken  of  the  majority  of  these  impurities,  because  they  do  not 
interfere  in  its  general  qualities.  Most  frequently  en<leavours  are  only 
made  to  remove,  as  far  as  pos-sible,  all  the  writer  which  may  be  expelled 
without  desti-oying  the  composition  of  sulphuric  acid  as  a  hydrat*.'" 
That  is,  the  object  is  to  obtain  the  hydrate,  HjSO,,  from  the  dilute 
acid.  The  separation  of  the  water  fronj  the  dilute  acid  is  carried  on  by 
evaporating  with  the  aid  of  heat.  Every  given  mixture  of  water  and 
sulphuric  acid  l)egins  to  part  with  a  certain  amount  of  aqueous  i-apour 
when  heated  to  a  certain  delinite  tempsrature.  At  a  low  temperature 
there  is  either  no  evaporation  of  water,  or  even  an  alfsorption  of 
moisture  from  the  air.  As  the  removal  of  the  water  proceeds,  the  tem- 
perature at  which  it  conies  off  rises ;  the  more  dilute  the  acid  the  lower 
the  temperature  at  which  it  gives  up  a  portion  of  its  water.  In  conse- 
quence of  this,  the  removal  of  water  from  dilute  solutions  of  sulphuric 
acid  may  be  easily  carried  on  {up  to  60"  Baumi?)  in  lead,  and  still 
better  in  glass,  vessels,  because  at  low  temperatures  dilute  sulphuric 
acid  does  not  corrode  either  glass  or  lead.  But  as  the  acid  becomes 
more  concentrated  the  temperature  at  which  the  water  comes  over 
becomes  higher  and  higher,  and  then  the  acid  begins  to  act  on  lend 
(with  the  evolution  of  sulphuretted  hydrogen  and  conversion  of  the 
lead  into  sulphate),  and  therefore  lead  vessels  cannot  be  employed  for 
the  entire  removal  of  the  water.  For  this  purpose  the  evaporation  is 
generally  carried  on  in  glass  or  platinum  retorts,  like  those  depicted 
in  figs.  87  and  88. 

The  cuncfinlralion  of  mdphwrie  aeid  in  glass  ratorts  is  not  a  con- 
tinuous process,  and  consists  of  heating  the  dilute  acid  until  it  censes 
to  give  off  aqueous  vapour,  and  until  the  sulphuric  acid  itself  begins  to 
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oome  off— that  is,  until  the  composition  of  the  residue  is 
that   of   the    distillate— and  this  t&kfs  place  when  the  t< 


^""C^ 


Jm.  ST.— CoiKHitnitUHi  oC  tulpbnrtc  ■ 


c  fmu  tUc  KltUu 


reaches  320°  and  the  densityof  the  residue  1-847  (=66"  Baumii).'«     The 
platinum  vessels  designed  for  the  continuous  concentration  of  sulphuric 


acid  consist  of  a  boiler,  b,  furnished  with  a  helmet,  E,  a  vapour- conduct- 
ing pipe,  E  r,  and  a  syphon  tube,   n  r,  which  draws  off  the  sulphuric 


"  ThB  aifflcnlty  witli  which  ths  last  portions  of  i 
f«l  that  the  boiling  becomes  very  lrT^ol»r,  (otoJIj-  ti 
ntkrting  again,  with  the  lapid  lorzuition  of  u  coiiaid 
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acid  concentrated  in  the  boiler.  A  stream  of  sulphuric  acid  previously 
concentrated  in  lead  retorts  to  a  density  of  about  60°  Baura<^— i.e.  to 
a  sp,  gr,  of  1-7 — runs  continuously  into  the  retort  through  an  upper 
funnel  k.  The  appamtua  is  fed  from  above,  because  the  acid  freshly 
supplied  is  lighter  tban  that  which  has  already  lost  water,  and  also 
because  the  water  is  more  easily  evaporated  from  the  freshly -supplied 
acid  at  the  surface.  The  platinum  retort  is  heated,  and  the  steam 
coining  off  is  condensed  in  a  worm  P  c,  whilst  as  fresh  diluted  acid  is 
supplied  to  the  boiler  the  acid  already  concentrated  is  drawn  oS* 
tfaruugh  the  syphon  tui>e  u  b,  which  is  furnished  with  a  regulating 
cock,  by  means  of  which  the  outflow  of  the  concentrated  acid  from  the 
bottom  of  the  retort  can  lie  so  regulated  that  it  will  always  present 
one  and  the  same  specific  gravity,  corresponding  with  the  strength 
required.  For  this  purpose,  the  acid  flowiug  from  the  syphon  is  col- 
lected in  a  receiver  R,  in  which  a  hydrometer,  indicating  its  density, 
floats  ;  if  its  density  be  less  than  6(1°  Baume,  the  regulating  cock  is 
closed  sufficiently  to  retard  the  outflow  of  sulphuric  acid,  so  aa  to 
lengthen  the  time  of  its  evaporation  in  the  retort.*' 

nme  time  jerkiDg  uid  even  Dverturnuig  the  veiBel  in  vbioh  it  ii  held.  Hence  it  is  not 
■  rue  oocnrreDce  for  the  gUta  retorta  to  bnmk  during  the  distilliition ;  Uiia  canaes 
pUtinnm  retoFti  to  bs  prefocred.  as  Ihe  boiling  llicn  proceeds  quite  unirDinily. 

"  The  greatest  put  of  the  Holphurii  scid  is  ng«d  in  the  aodai  manufaotnre,  in  the 
cMiverMon  ot  the  eomnjon  salt  into  aulphate.  For  this  pnrpose  »n  mid  hiving  a 
deDsitfot  00°  Buun<!  is  amply  eafficieot.  Chamber  acid  has  a  density  up  to  1-GT-G0''tii 
HI-  BauiBc;  itaontains  about  SB  per  cent,  of  water.  About  16  per  nent.  u[  thin  water caD 
be  removed  in  leaden  atilU,  and  nearly  all  the  remaiudarmay  be  expelled  iDglaraor  [dati- 
nnm  vesseli.  Acid  of  60°  Baumj,  =  1-H4T,  contams  about  DH  per  cent,  of  the  tiydmte 
H.jSO,.  The  density  falls  with  a  greater  or  less  proportion  ol  water,  the  majimuni 
doDsity  corresponding  with  97t  p«r  cent,  of  the  hydrate  S^SO^. 

Whea,  by  heating  and  evaporation  of  the  water,  snlphiirtc  acid  attains  a  density  of 
OS"  Baomi!  (sp.  gr.  I'Sl),  it  is  impoaiiible  to  cancentnle  it  further,  because  it  then  distils 
ocei  DDcluuiged.  TH^  dUiiUalioH  0/  tulphurie  acid  i»  not  generally  carried  on  on  a 
largF  acale,  hot  tomis  a  UfaoraUiiy  prooasa,  employed  when  porticululy  pure  aoid  is 
required.  The  distiUation  is  eDeutsd  either  in  pUtinara  retorts  famished  with  corie- 
■pondingdOBdenaeraand  receivers,  or  in  glass  retorts.  In  the  latter  case,  great  caution  is 
nimfiiiTj.  becaiue  tha  boiling  of  snlphurid  acid  iteelf  is  accompanisd  bystill  more  violent 
jerk*  aad  giealar  imifuUrity  than  even  the  evaporation  of  the  last  portions  of  water 
coDtaiNed  in  the  acid.  If  the  glass  retort  which  holds  the  strong  sulphuric  acid  to  be 
diitillod  be  heatnl  directly  from  below,  it  fi«qaently  jerks  and  breads.  For  greater 
ssfelir  the  beating  is  not  eSected  from  below,  bat  at  the  sidea  of  the  retort.  Then  Iha 
eiaporBtJnn  does  not  proceed  in  the  whole  mass,  bat  only  froui  the  upiier  portions  of  the 
liquid,  and  therefore  goes  ou  much  more  qnietLy,  For  (his  purpose  the  bottom  of  the 
retort  is  pTote«t«d  from  the  action  of  heat;  foreiample.  by  immersing  it  in  a  special 
basin  and  lowering  llie  bottom  of  the  retort  below  the  charcoal  stove,  by  means  of  wbieh 
the  acid  is  heated.  The  acid  may  be  made  to  boil  qnietly  also  by  surrounding  the  retort 
with  good  coudactors  of  heat — for  e:iample,  iron  tilings,  or  by  immersing  a  bunch  of 
pUtinnm  wires  in  the  acid,  as  the  bubbles  of  sulpluiric  scid  vapour  then  form  on  tbe 
'  ' »  at  (he  wirei. 
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Strictly  speaking,  mlpAurie  add  it  not  volatile,  and  at  its  so-cal1e<l 
boiling-point '"'  it  really  decomposes  into  its  anhydride  and  watfr  ;  iu 
boiling-point  {338°)  being  nothing  else  but  its  temperature  of  deconi- 
pneition.  The  products  oi  this  decomposition  are  substances  boiling 
much  below  the  temperature  of  the  decomposition  of  sulphuric  acid. 
This  conclusion  with  regard  to  the  process  of  tlie  distillation  of  sul- 
phuric acid  may  be  deduced  from  Bineau's  observations  on  the  vapour 
density  of  sulphuric  acid.  This  density  referred  to  hydrogen  proved. 
to  be  half  that  which  sulphuric  acid  should  have  according  to  tta 
molecular  weight,  H.^SO,,  in  which  case  it  should  be  49,  whilst  the 
observed  density  was  equal  to  24'5.  Besides  which,  Mnrignac  showed' 
that  the  flrat  portions  of  the  sulphuric  acid  distilled  over  contain  less 
of  the  elements  of  water  than  the  portion  which  remains  behuid,  or 
which  distils  over  towards  the  end.  This  is  explained  by  the  fact  that 
in  distilling  the  sulphuric  acid  is  decomposed,  but  a  portion  of  the 
water  proceeding  from  its  decomposition  is  retaicied  by  the  remaining 
mass  of  sulphuric  acid,  and  therefore  at  first  a  mixture  of  sulphuric 
acid  and  sulphuric  anhydride — i.e.  fuming  sulphuric  acid — is  obtained 
in  the  distillate.  It  is  possible  by  repeating  the  distillation  several  times 
and  only  collecting  the  first  portions  of  the  distillate,  to  obtain  a 
distinctly -fuming  acid.  To  obtain  the  definite  hydrate  HjSO,,  it  is 
necessary  to  refrigerate  a  highly -concentrated  acid,  of  as  great  n 
purity  as  possible,  to  which  a  small  quantity  of  sulphuric  anhydride 
has  been  previously  added  (because  pure  sulphuric  acid  does  not 
separate  in  presence  of  a  small  quantity  of  water).  Pure  sulphuric 
acid,  HjSOj,  solidifies  when  it  is  cooled  below  0",  and  therefore  the 
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normal  acid  Urst  crystallises  out  from  the  concentrated  sulphuric  ncid. 
By  repeating  the  refrigeration  severa.1  times,  and  pourinj;  off  the 
unsoliditied  portion,  it  is  possible  to  obtain  a  pura  normal  hydrnlf, 
H.jSOj,  which  nielta  tit  10°.  The  presence  of  Beveral  per  cents,  of 
water  considerably  lowers  the  freezing-point.  At  40"  it  already  gives 
off  distinct  funics — that  is,  it  begins  to  decompose  into  sulphuric 
anhydride,  which  volatilises,  and  water,  which  is  absorbed  by  the 
remaining  muss  of  sulphuric  acid,  and  therefore  even  in  a  dry 
atmosphere  the  hydrate  H^SO,  becomes  weaker,  until  it  attains  a 
dilution  of  ]j|  p.c.  of  water.  Thus  it  appears  that  bo  common, 
and  apparently  so  stable,  a  compound  us  sulphuric  acid  decomposes 
ei-eu  at  ft  j'.tw  temperature  with  separation  of  the  anhydride,  bu*  this 
decomposition  is  restricted  by  a  limit,  corresponding  to  the  pre- 
sence of  about  1^  p.c.  of  water,  or  to  a  composition  of  nearly 
HA12H,SO,." 

In  a  concentrated  form  sulphuric  acid  is  commercially  known  as 
oil  of  vitriol,  because  for  a  long  time  it  was  obtained  from  green  vitriol, 
and  because  it  has  an  oily  appearance  and  Hows  from  one  vessel  into 
another  in  a  thick  and  comparatively  immobile  stream,  like  the 
majority  of  oily  substunces,  and  in  this  clearly  differs  from  such 
liquids  as  water,  spirit,  ether,  and  the  like,  which  exhibit  a  far  greater 
mobility.  Among  its  properties,  the  first  to  be  remarked  is  its 
faculty  for  the  formation  of  many  compoundi.  We  already  know 
that  it  combines  with  its  anhydride,  and  with  the  sulphates  of  the 
tilkali  metals  ;  that  it  is  soluble  in  water,  with  which  it  forms  more  or 
less  stable  compounds.  Sulphuric  acid,  when  mixed  with  watfer^ 
develops  a  very  considerable  amount  of  heat."" 

it  i*  jui  eqaiLibrated  ayatem  vhich  cloba  not  de(u>mpofle  under  orduiuy  i 
below  BSS^.  Dittuiar  carried  on  the  diBtillstian  nnder  preBBurei  vaiying  b 
3140  miUiiDelres  (nf  mercnry),  and  be  faond  thaL  tbe  campoBitioD  of  the  i 


1  bydnte,  although  *t  SU  mi 
lua.  it  ^Sea".  Fuflhermor 
presBDie  of  two  ktmcnpheri 


IB  horn  ena  to  eE>*9  per  e 
the  teiDperaliUB  o[  diatillatioa  ia  about  310°  and  mX  211(1  i 
it  ia  a  ctrcnmataDce  of  practical  importance  that  nnder  a 
ths  diatiUation  of  aalphnric  acid  prooeeda  vpry  guielly. 

Solpharia  acid  maj  be  purified  from  tbe  majority  of  ita  impuritiee  by  dietilUtion,  il 
the  Scab  and  lut  portiona  of  the  diatillate  be  rejected.  The  first  partiona  will  conlain 
the  oiidea  of  nitrogen,  hydrocUoiic  acid,  &c.,  and  the  laal  portions  tha  leas  Tolatile 
impnritiea.  The  oiidei  of  nitrogen  may  be  removed  by  heating  the  acid  with  chHrcnel, 
trhivh  coDTert*  them  into  volatile  gaiea.  SnlpfaDrie  acid  may  be  lr««d  from  arienic  by 
liMting  it  with  maaganeie  dioxide  and  then  diililling.  Thia  oiidiaes  all  the  araenio  into 
Bon-Tolalile  araenio  acid.  Withont  a  preliminary  oiidation  it  wonld  partially  remain  ne 
folatile  arseniouB  acid,  and  might  paaaover  inlntlie  diatillate.  The  anenic  may  alao  be 
driven  off  by  firat  reducing  it  to  araeniooa  acid,  and  then  pnsaing  hydrochloric  stid  gaa 
through  the  heated  acid.     It  ia  then  converted  into  araenioua  chloride,  wbioh  volntiliaea. 

»  The  smoBnt  of  lieal  developed  by  the  nixtara  af  lulpburio  acid  with  water  ia 
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Besides  the  normal  hydrate  H^SO^,  another  cUfintie  hydraie 
H^S04,H20  (84*48  per  cent  of  the  normal  hydrate,  and  15*52  per  cent, 
of  water)  is  known  ;  it  crystallises  extremely  easily  in  large  idx-sided 
prisms,  which  form  above  0^ — namely,  at  about  +  8°  ;  when  heated  to 
210^  it  loses  water.** 

Tf  the  hydrates  H^SOf  and  H2SO|,H20  exist  at  low  temperatures 
as  definite  compounds,  and  if  pyrosulphuric  acid,  H^SOjSO^  has  the 
same  property,  and  if  they  all  decompose  with  more  or  less  ease  on  a  rise 
of  temperature,  with  the  disengagement  of  either  SO3  or  H^O  (and 
these  elements  of  sulphuric  acid  are  evolved  quite  separately  from  each 
other— that  is,  uncombined),  then  it  follows  that  between  sulphuric 
anhydride,  SO3,  and  water,  H2O,  there  exists  an  uninterrupted  and  con> 
secutive  series  of  homogeneous  substances  which  in  a  liquid  state  are 
nothing  else  than  solutions. 

However,  as  among  them  we  must  distinguish  the  above-mentioned 
definite  compotmds,  which  are  incapable  of  taking  a  vaporous  form, 
but  able  to  pass  into  a  solid  state,  it  is  indispensable,  in  order  to  arrive 
at  a  right  judgment,  to  seek  for  other  means  for  determining  the 
existence  of  any  definite  compounds — beyond  the  conditions  for  a 
change  of  state.  In  this  respect  we  may  be  guided  by  the  variation 
of  properties  of  any  kind,  which  proceeds  with  a  variation  in  the 
composition   of    solutions.     For  definite  compounds   we    should    ex- 

ftxproHHed  by  the  diagram  on  p.  76,  Vol.  I.,  by  the  middle  carve,  whose  abacisse  are  the 
fHjrc^'ntage  amounts  of  acid  (H2HO4)  in  the  resultant  solution,  andordinates  the  number  of 
units  of  heat  corresponding  with  the  formation  of  100  cubic  centimetres  of  the  solution 
(at  IH' ).  Tlie  calculations  on  which  the  curve  is  designed  are  based  on  Thomson's  de- 
terminations, which  show  that  98  grams  or  a  molecular  amount  of  sulphuric  acid,  in 
combining  with  m  molecules  of  water  (that  is,  with  ni  18  grams  of  water),  develop  the 
following  number  of  units  of  heat,  B  : — 


m  =     1 

2 

8 

5 

9 

19 

49 

100 

200 

R  =   0379 

9418 

11137 

18108 

14952 

10256 

16684 

16859 

17060 

c   =  0-132 

0-470 

0-500 

0-570 

0-701 

0821 

0-914 

0-964 

0-975 

T  =    127^ 

149^ 

140^ 

12P 

82° 

45^ 

19^ 

9^ 

S*^ 

r  stands  for  the  specific  heat  of  H.2SO4  m  HjO  (according  to  Marignac  and  Pfaundler), 
and  T  for  the  rise  in  temiK'rature  which  proceeds  from  the  mixture  of  HjSO^withmH^O. 
The  diagram  shows  that  contraction  and  rise  of  temperature  proceed  almost  parallel 
with  each  other. 

^1  With  an  excess  of  snow,  the  hydrate  H2S04,H-20,  like  the  normal  hydr&te,  gives  a 
freezing  mixture,  owing  to  the  absorption  of  a  large  amount  of  heat  (at  the  expense  of 
the  latent  heat  of  fusion).  In  melting,  the  molecule  H3SO4  absorbs  960  heat  units,  and 
llie  molecule  H.2SO4H3O  8080  heat  units.  If  we  mix,  for  example,  one  gram  molecule 
flf  lliis  hydrate  with  seventeen  gram  molecules  of  snow,  then  there  is  an  absorption  of 
heat  units,  because  I7H2O  absorbs  17  x  1480  heat  units,  and  the  combination  of 
iMmohydrate  with  water  evolves  0800  heat  units.  As  the  specific  heat  of  the 
eompound  H^S04,18H20  =  0*818,  the  fall  of  temperature  will  be  =62*6.  And 
an  extreme  degree  qt  cold  may  be  obtained  by  means  of  sulphuric  acid. 


pect   changes  in  properties,  and   this  is  otjseired  to  he  the  c&ie  in 

reality.  But  only  a  few  properties  have  been  determined  with  sufficient 
accuracy.  In  those  properties  which  have  been  determiretl  for  many 
gulutions  of  sulphuric  acid,  it  ia  actually  seen  that  the  above- mentioned 
definite  compounds  are  distinguished  by  distinctive  marks  of  change. 
As  an  example  ive  may  cite  the  variation  of  the  specific  gravity  with  a 
larialion  of  temperature  (namely  ds/dt,  if  n  be  the  ap.  gr,  and  I  the 
temperature).  For  the  normal  hydrate,  HjSO,,  this  factor  dsjdt  or  U 
is  easily  determined  from  the  fact  that — 

8=  1 8528—1 0-65(  +  0-001 3(', 

where  »  ia  the  specific  gravity  at  (  (degrees  Celsius)  if  the  sp,  gr.  of 
water  at  4''=10000.  Therefore,  i  =  10-65— O-OiCi.  This  means 
that  at  0°  the  sp,  gr.  of  the  acid  HjSO,  decreases  by  10-65  for  every  rise 
of  a  degree  of  temperature,  at  !0°  by  10-3!*,  at  20"  by  10-13,  at  30°  by 
9S7.*'  And  for  solutions  containing  slightly  more  anhydride  than 
the  acid  H,St),  (i.e.  for  fuming  sulphuric  acid),  as  well  as  for  solu- 
tions containing  little  water,  the  magnitude— 4  is  greater  than  for  the 
acid  H,SO,.  Thus  for  the  solution S0j,2HjS0„  at  10°  — it=lO-9,  and 
for  the  acid  H,SO,  at  10°— A=10-4.  On  diluting  the  acid  HjSO,  this 
increase  of  the  magnitude— A  goes  on  until  the  formation  of  the  solution 
HjSO„HjO(-A-=ll-l  at  10°),  aud  then,  on  the  further  dilution  with 
water,  it  again  decreases.  Consequently  both  hydrates  HjBO,  and 
HjSO^UiO  are  here  expressed  by  an  alteration  of  the  magnitude 
of  K. 

Of  all  the  properties  of  the  solutions  of  sulphuric  acid,  the  specific 
gravi^  has  been  the  most  thoroughly  investigated.  The  researches  of 
Bineau,  Kremers,  Lunge  and  Niief,  Mariguac,  Mendel^eff,  Ostwald, 
Schertel  and  Winkler,  give  the  following  specilic  gi-avities  (in  a  vacuum  j 
water  ■l''=10000)  at  0°." 


H,0< 

=    9998- 

H,SO^  +  400    H,0, 

= 10099 

■200       „     , 

10192 

100       „     , 

10372 

50       „     ■ 

1071 C 

25       „     , 

11336 

0 

1-34 

2-65 


eiainple,  if  it  he  given  timt  »l  ID°  Ihi!   up.  gr.  o!  pure  sulplmric  iKiil  =  l«lBn, 

)°it  =iBuao-(Mo-iHiioia=i88ao. 

I  hiBtorio&l  Mai  eiperiment*!  details  concerning  the  tp,  gr,  of  (olatioBB  ot 
■cid  an  gii-en  id  Ch»plM  IH,  of  my  work,  TAb  InreiHgatUm  of  jlgucou* 
■  aaoriiKg  to  thwe  Spiti/le  Oravitif  (le87J. 
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H,S04  +  12i  H,0  8  =  12315  w  =  30-34 


10 

)9 

12760  „ 

35-25 

5 

}> 

14306  „ 

5213 

H 

»J 

15370  „ 

6202 

n 

»> 

16102  „ 

68-53 

>» 

16655  „ 

7313 

1 

>» 

17943  „ 

84-48 

h 

»> 

18435  „ 

91-59 

uso, 

»> 

18528  „ 

100 

s6,  +  4H,S04 

>» 

19075  „ 

103-8 

2S0.,  4-  3H2SO 

4 

>> 

19793  „ 

107-9. 

Where  p  is  weight  per  cent,  of  H.^SO^. 

The  investigation  of  the  increase  of  the  specific  gravity  with  •  rl 
of  the  percentage  amount  of  the  normal  hydrate  H2SO4 — that  isi 
magnitudes  of  cUjdp  (the  quotient  of  8  by  p) — shows  that  in  this 
also  the  definite  hydrates  H2SO4  and  H2SO4H2O  clearly  stand 
among  the  solutions.  The  variations  of  these  increments  are  givett  otf^ 
the  accompanying  diagram,  where  the  percentage  amounts  of  H^Oa  iM  * 
the  solutions  are  laid  out  along  the  axes  of  abscissae,  and  the  tnagnitndef'/-. 
of  these  increments  are  laid  along  the  axes  of  the  ordinates.  It  is  seen 
that  these  magnitudes  lie  in  straight  lines,  proceeding  from  one  definite 
hydrate  to  another,  where  they  undergo  a  rupture  and  change  their 
direction.  This  is  most  clearly  seen  in  the  normal  hydrate  H^O^ 
(p=zlOO  p.c).  From  HvSO^jHjO  to  HjSO^  dsjdp  is  expressed  by  the 
straight  line  729  — 7 '49/^,  and  therefore  when  p= 100,  the  increment  of 
the  specific  gravity  dsfdp  is  a  negative  quantity  =  —  20  ;  this  signifies 
that  in  approaching  to  the  hydrate  H^SO^,  the  specific  gravity  does  not 
rise,  but  falls,  with  the  increase  of  the  amounts  of  HjSO^.  And  in 
reality  Kohlrausch,  Schertel,  and  others  found  that  the  specific  gravity 
of  the  normal  acid  is  less  than  that  of  its  first  mixtures  with  water, 
and  that  the  maximum  specific  gravity  (when  ds/dp^^O)  corresponds 
not  with  H2SO4 — that  is,  not  to  7^ =100 — but  nearly  with;;=97^  p.c. 
And  thus,  according  as  the  aqueous  acid  by  the  addition  of  sulphuric 
anhydride  approaches  from  97 J  p.c.  to  100  p c,  or  H^SO^,  the  specific 
gravity  falls,  dsjdp  =  —  20.  But  directly  the  addition  of  sulphuric 
anhydride  is  in  excess  of  that  needed  to  form  the  hydrate  H.2SO4,  and 
fuming  sulphuric  acid  begins  to  be  formed,  the  specific  gravity 
begins  to  rise— thus,  then  «=18528  +  129  (/;  — 100)  +  3-9  (p-lOO)^^* 


**  In  order  to  preBerve  the  same  form  of  expression  for  the  composition  of  faming 
tnlphuric  acid  as  for  the  weaker  solutions,  I  take  p  as  that  quantity  of  normal  acid 
H2BO4  which  may  be  obtained  from  100  parts  by  weight  of  a  given  eolation.    U  p^ 
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therefore  dxidp  then=129  +  7-8  (/i  — 100),  consequently  when  ;>=100 
Ihp  Turairnitu.lp  'h  .//'  i^  t.o  l«nt;fr  rip^'.iti^p  l.ut  i-ositive,  and  =l->!t, 
Tli-it  i-,  al  th..  [".i,it  H.S(.,tlM4v  L-ri  ml-liii.^in  <.],>■  ^■.■t^uumty? '1^   ,/.. 

iiiiiiicli 
.  -  ■■■■■■■■  -Hpafl*^*  «HK-'ii 


■ »«''"  f^m It  IH«  fc  1^  - 1  -— ; 

:*'«*P^ fPS^     Hi ^^ 


from— 20  to  +129,  as  ie  seen  from  the  diagram,  where  W  depict 
-/»  dp  from  H,S0„H^O  to  H,SO.  and  VI  depiuta  dn/dt,  from  H^SO, 
in  the  direction  of  fuming  sulphuric  acid. 

In  a  like  manner  it  may  be  showu  that  the  increment  or  quotient 
dtjdp  attains  a  maximum  value  {umoDf;  all  sututious  of  sulphuric  acid 
iu  water)  at  the  hydrate  H2SO„2H50,  which  corresponds  with  the 
greatest  contraction  and  rise  of  temperature  in  the  aduiixtui-e  of 
sulphuric  acid  with  water.  And  as  this  hydrate  has  the  composition 
S(OH)g  =  HjSOj,2HjO,    which  coiresponds  with  many  salts— for  in- 

DS  p.c,  it  lignifies  thftt  out  i>(  100  jfruua  (it  Ihie  acid  n5  grnmii  nl  the  nnntinl  nciil  U.fiO, 
msy  beobt*iuBil|brlheteniov»lof  w»t«r);  if  p-llo  p.c.  it  meima  tliat  from  H)0  giams 
q(  tbe  giran  Kid  we  cui  obUin  |bf  *ildiii(!  watei)  110  gninii  nt  th«  iLCid  H^SO^.  It  is 
obviouB  tliM  tor  [Dtning  »ids  j>  u  greater  thui  100.  For  MUphoiia  uili7<Iride  Iha  r&liie 
ot  f  ia  Itt-L 
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stance,  with  CaS04,2H20 — therefore,  although  it  is  not  known  in  a  solid 

.form  like  H2S04,H20=SO(OH),  and  H2S04=S02(OH)2,  stDl  it  must 

be  recognised  as  a  definite  compound  of  water  and  sulphuric  acid.  ^ 

In  practice,  where  sulphuric  acid  is  used  in  immense  quantities  it 

is  very  important  to  be  able  to  accurately  and  rapidly  determine  the 

amount  of  normal  hydrate  in  aqueous  solutions.      For  this  purpose 

recourse  is  generally  had  to  the  determination  of  the  specific  gravity, 

and  therefore  we  give  below  a  table  of  the  specific  gravities  of  solutions 

of  sulphuric  acid,  for  four  temperatures  ty  taking  the  sp.  gr.  of  water  at 

4^= 1000.  "^s 

10° 

0-9997 

1-070 

1-145 

1-224 
1-309 
1-401 
1-506 
1-619 
1-737 
1-825 
1-842 

The  great  affinity  of  sulphuric  acid  for  water  is  also  seen   from 
the   fact  that  when  the  strong  acid  acts  on  the  majority  of  organic 

^  Although  not  bo  clearly  proved,  still,  judging  from  the  specific  gravities,  we  should 
recognise  another  hydrate,  H2S04,6H20,  and  one  more  very  higlily  hydraied  hydrate, 
H2SO4,150H<2O,  at  which  point  the  direction  of  ds  dp  changes  (as  is  seen  in  the  diagram), 
but  whose  composition  cannot  yet  be  accurately  determined  with  the  sum  of  the  data 
now  at  our  disposal.  The  researches  (see  Note  68)  made  by  me  in  this  direction  have 
since  found  indirect  confirmation  in  the  careful  observations  on  solutions  of  ferric 
chloride  and  zinc  chloride  (Chapter  XVI.  Note  4)  carried  on  by  Cbeltzoff,  which  show 
that  for  these  salts  dt,dp  exhibits  nearly  the  same  changes  as  sulphuric  acid.  Besides 
which,  H.  Crompton  (1888),  in  his  researches  on  the  electrical  conductivity  of  solutions 
of  sulphuric  acid,  and  Tammann,  in  his  observations  on  their  vapour  tension,  found  a 
correlation  with  the  hydrates  indicated,  as  above,  by  the  investigation  of  their  specific 
gravities.  This  subject,  which  has  so  recently  entered  into  the  literature  of  chemistry, 
and  which  is  connected  with  the  theory  of  the  dissociation  of  the  hydrates  occurring 
(Chapter  I.)  in  solutions,  will  probably  be  elucidated  by  further  work,  and  requires  fresh 
special  research. 

^  Besides  which,  the  following  are  the  sp.  gr.  about  100  p.c. : — 


0° 

0  p.  c. 

0-9999 

10 

1-073 

20 

1150 

30 

1-232 

40 

1-317 

50 

1-409 

60 

1-515 

70 

1-629 

80 

1-748 

90 

1-836 

100 

1-853 

20^ 

30*> 

0-9983 

0-9958 

1-066 

1-061 

1-139 

1-133 

1-217 

1-210 

1-301 

1-294 

1-393 

1-385 

1-497 

1-488 

1-609 

1  -599 

1-726 

1-716 

1-814 

1-804 

1-832 

1-822 

0' 

10° 

20° 

80° 

96  p.c. 

l-8>6 

1-844 

1-884 

1-824 

98   „ 

1*855 

1-845 

1-834 

1-824 

100    „ 

1-858 

1-842 

1-882 

1-822 

102   „ 

1-880 

1-869 

1-859 

1-848 

104    „ 

1*911 

1-899 

1-888 

1*878 
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AM&flfanOM  (especially  wbea  hented)  it  very  frequently  lakes  vp  the 
tlemenls  of  viater  occurring  in  tlieni.  Thus  strong  sulphuric  acid 
acting  on  aliXihol,  C^HgO,  takes  up  the  elements  of  water  from  it, 
and  converts  it  into  olefiant  gas,  C^H^.  It  acts  in  a  similar  manner 
on  wood  and  other  vegetable  tissues,  which  it  chars.  If  a  piece  of 
wood  be  immersed  in  strong  sulphuric  acid  it  tuma  black.  This  is 
owing  to  the  fact  that  the  wood  contains  carbohydrates  which  give  up 
hydrogen  and  oxygen  as  water  to  the  sulphuric  acid,  leaving  charcoal, 
or  a  black  maaa  very  rich  in  it,  l>ehind.  For  example,  cellulose,  CgHmO.,, 
acts  in  this  manner.  Hence  it  is  said,  that  sulphuric  acid  chars  organic 
matter.*' 

The  second  most  important  peculiarity  of  sulphuric  acid  is  its 
distinct  and  very  energetic  acid  properties,  which  we  have  already  had 
frequent  occasion  to  notice,  and  therefore  we  will  now  only  consider 
a  few  of  their  aspects.  First  of  ail  we  must  remember  that,  with 
calcium,  strontium,  and  especially  with  barium  and  lead,  sulphuric  acid 
forms  very  slightly  soluble  salts,  whilst  with  the  majority  of  other  metals 
it  gives  more  easily  soluble  salts,  which  in  the  majority  of  cases  are  able, 
like  sulphuric  acid  itself,  to  combine  with  water  to  form  crystallo- 
hydrates.  Normal  sulphuric  acid,  containing  two  atoms  of  hydrogen  in 
its  molecule,  is  able  already  for  this  reason  alone  to  form  two  classes  of 
salts,  normal  and  add,  which  it  does  with  great  facility  iiiOi  the  nlkiili 
metals.  The  metals  of  the  alkaline  earths  and  the  majority  of  other 
metals,  if  they  do  form  acid  sulphates,  do  so  under  exceptional  condi- 
tions (with  an  excess  of  strong  sulphuric  acid),  and  these  salts  when 
formed  are  decomposable  by  water — that  is,  although  having  a  certain 
degree  of  physical  stability  they  have  no  chemical  stability.  Besides 
the  acid  salts  KHSO^,  sulphuric  acid  also  gives  other  forms  of  acid 
salts.  An  entire  series  of  salts  having  the  composition  RHSO^ .H^SO,, 
or  for  bivalent  metala  RSOoSHiSOj,"*    have  been   prepared.     Such 


"  If  nolphi 
the  abnoBphura  fiUla  in 
kdd  i*  kept  ia  a  bollle 


id  b«  kept  in  aji  open  veaeel.  tlie  orguiic  m 


.1  the  dn«t  held  in 
ppena  if  Bulphnrtc 
Bfld  by  A  cork,  be:;aDBe  the  cork  becomes  charred,  and  the  acid 
However,  the  chemidU  properties  of  tbe  uid  undergo  a  verf  gliglit  chang« 
when  it  tarns  bluik,  so  that  it  is  still  fit  lor  mnnj  purposes.  Satpharic  acid  which  ii 
connidembiT  diloled  with  water  doet  not  prodoee  the  above  offeots,  which  closrly  show! 
their  dependence  on  the  affinity  of  the  solphniiB  scid  lor  water.  It  i>  evident  from  the 
preeedini;  thnt  sttong  sulphuric  uid  will  act  as  a  powertnl  poison ;  whilst,  on  the  othei 
hand,  when  verf  dilute  it  is  even  employed  u  a  lertiliier,  and  it  is  sometimes  poured 
directly  over  fields  destined  for  vei^tatinn,  and  sometimes  plants  tbemHlves  are  washed 
with  it.  If  laken  internally  by  animals  in  a  verj^  dilute  solution  it  hag  rery  little  ution, 
although  the  stnuiK  acid  is  a  very  powerful  poiaon.  jont  an  acetic  acid  in  a  very  stronf 
totntion  is  poisonous,  and  a  dilute  solution  forma  the  vineKsr  used  for  consamption. 
1  Vebei  (ISSl)  obtained  a  Mii«  of  salts  BgOjBSOi  tor  S,  Bb,  Ca,  and  Tl. 
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Baits  have  been  obtained  for  potAssium,  sodium,  nickel,  culcium,  tUver, 
magnesium,  mangnnese.  They  ire  preparetl  by  dissolving  the  sulphates 
in  an  excess  of  sulphuric  neid,  and  heating  the  solution  until  the  excess 
of  sulphuric  acid  is  driven  off ;  on  cooling,  the  mass  solidifies  into  a 
nrystalline  salt.  BesiJes  which,  Rose  obtained  a  salt  having  the  com- 
position SaaSO„NaHSO„  and  if  HNa-SO,  he  heated  it  ensily  forms  a 
salt  NftjSjO^isNttjSO^.SO,  ;  hence  it  is  clear  that  supliuric  anhydride 
combines  with  various  pro[>ortions  of  bases,  just  us  it  combines  with 
various  proportions  of  water. 

We  already  know  that  sulphuric  acid  displaces  the  acid  from  the 
salts  of  nitric,  carbonic,  and  many  other  volatile  acids.  BerthoUet's 
laws,  as  we  have  seen  (Chapter  X.),  explain  this  fact,  and  show  that 
sulphuric  acid  does  not  'ligplctce  the  above  acids,  because  it  has  a 
gre-ater  afiinity  for  hase.s  but  only  Ijecause  of  it?  small  volatility  ;  and, 
indeed,  in  an  aqueous  solution  sulphuric  acid  displaces  the  much  less 
soluble  boric  acid  from  its  compounds — for  instance,  from  borax,  and  it 
also  displaces  silica  from  its  compounds  with  bases  ;  but  both  boric 
anhydride  and  silica,  when  fused  with  sulphates,  decompose  thera,  dis- 
placing sulphuric  anhydride,  SO3,  because  they  are  lesa  volatile  than 
Eulpliuric  anhydride  and  sulphuric  acid  itself. 

Tlie  reactions  of  sulphuric  acid  u'ttA  renpeet  to  organic  mhslanee*  are 
genei-ally  determined  by  ite  acid  character,  when  the  direct  extraction 
of  water,  or  oxidation  at  the  expense  of  the  oxygen  of  the  sulphuric 
acid,*'  or  disintegration  does  not  take  place.  Hq,  for  example,  with 
sulphuric  acid  the  majority  of  the  saturated  hydrocarbons,  C„Hi,„, 
form  a  special  class  of  aul/ilionic  aci:i»,  C,Hj,b_|(HSO,i)  ;  for  example, 
benzene,  C^Hj,  forms  Iwnzenesul phonic  acid,  CgH.i'SOjH,  water  being 
separated,  for  the  formation  of  which  oxygen  is  taken  up  from  the 
sulphuric  acid,  because  the  product  coutains  less  oxygen  than  the 
sulphuric  acid.  It  is  evident  from  these  acids  that  the  hydrogen  in 
organic  compounds  is  replaceable  by  the  group  SO,H,  just  as  it  may  bo 
replaced  by  the  radicles  CI,  NO;,  CO,H,  ond  others.     As  the  radicle 

w  For  ciample,  Ihe  BctioD  ol  hot  siil|)hiirie  uid  on  nitrogeiiDus  coni|ioiind>,  aa 
Applied  in  Kjeldkhl'ii  method  lor  the  xBtiniktion  ot  iiitrogen  (Vol.  I,  p.  fUe).  It  is  ohvioni 
that  whm  aalphorio  acid  acti  u  an  oiidiitiKg  agpnt.  it  torma  DDlpharaus  aohydride. 

The  action  ot  salphurio  acid  on  ihw  alcoliolx  ia  exactly  aiinilar  to  iu  action  on 
allcalift,  became  the  alaohoU,  like  alkalie.  Tsact  on  acids;  a  innleonle  of  Aloohol  with  » 
mDlaonleof  eulphoric  acid  separatea  water  and  tonus  an  acid  etIierMi  wdl— thai  is, 
tbure  is  produced  an  «tberea]  oompound  correspooding  with  adid  baits.  Thus,  for 
example,  the  action  ot  aalphniic  acid,  H^SO,.  on  common  alcohol,  CiH^OH.  KiTes  w«.teT 
and  eulphoTinio  acid,  C^HgHSO^ — that  is.  fulpharic  acid  in  vrhich  one  abrm  of  hydnjgen 
it  replaced  by  the  radiole  C,H]  of  ethyl  alcohol.  80,(OH)(OC,Ht),  or.  which  is  one  uttd 
the  same  thing,  the  hydrogen  is  alcohol  is  replaced  by  the  radicle  (aulplioiyll  of 
■nil  baric  acid,  C,HsO-SO,(OH). 
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ot  sulphuric  Rcid  or  a^ilphovyl,  SO.jOH  or  SHO3,  contains,  like  carboxyl 
(  Vnl.  I.  p.  383),  one  hydrogen  (hydroxyl)  of  sulphuric  acid,  therefore  the 
resultant  substences  are  acids  wliose  basicit;  is  equal  to  the  number  of 
hydi-ogens  replaced  liy  sulphoxyl.  An<l  as  sulphoxyl  takes  the  place  of 
hydrogen,  and  itself  contains  hydrogen,  therefore  the  sulpho-acids  are 
equal  to  a  hydrocarbon  +80^,  just  aa  every  organic  (carboxylic)  acid 
is  equal  to  ft  hydrocarlKiii  +COj.  Moreover,  here  this  relation  corre- 
sponds with  the  direct  reaction,  because  many  sulphonic  acids  are 
obtainedby  the  direct  combination  of  sulphuric  anhydride;  C6H,,(S0:,H) 
:=ChHg+SO,.  The  sulphonic  acids  give  soluble  barium  salts,  and  are 
therefore  easily  distinguished  from  sulphuric  acid.  They  atB  soluble  in 
water,  are  not  volatile,  and  when  distilled  give  sulphurous  anhydride 
(whilst  the  hydrosyl  previously  in  combination  with  the  sulphuroua 
anhydride  remains  in  the  hydrocarbon  group ;  thus  phenol,  CoH.,OH, 
is  obtained  from  benzenesulphonic  acid),  and  they  are  very  energetic, 
tiecause  the  hydrogen  acting  in  them  is  of  the  same  nature  as  in 
sulphuric  acid  itself.*" 

Sulphuric  acid,  as  containing  a  large  proportion  ot  oxygen,  is  a 
substance  which  frequently  acts  as  an  oxidising  agent ;  in  which  case 
it  is  dfoxidwd,  forming  sulphurous  anhydride  and  water  (or  even, 
although  more  rarely,  sulphuretted  hydrogen  and  sulphur).  Sulphuric 
BCid  acts  in  this  manner  on  charcoal,  copper,  mercury,  silver,  organic 
and  other  substances,  which  are  unable  to  evolve  hydrogen  from  it 
directly,  as  we  saw  in  describing  sulphurous  anhydride. 

Although  a  higher  form  of  oxide  capable  of  giving  salts,  sulphuric 

ice  between  the  Eolplioutc  tciit  uiil  tliH 
re-form  mlphnric  tuld  with  difficnlly  aud 
d  hea.led  with  ui  eiceu  Ot  Cktec  i>  twou- 
»  eipl&ined  in  the  following  manner.  Both 
f  hydrogen  by  SOjB 


«°  "Wo  wiU  mentirm  the  lalloMiiig  differ, 
ethcrval  uid  (alphnteK  (Note  G9) :  the  fotniE 
the  Utter  euily.  TliaR  iDlphDvijiEi^  acid  win 
verted  iota  nleehol  and  mlphuric  atid.  TIub 
these  claaiea  ol  scidi  ure  proJUfBd  by 


hydro: 


nniv«lcnl  radiile  of  niJphi 
SOjH  wpU*B!'  the  hydroEian 
the  eolphDnic  uids  Uie  SOjH  replaces 
clear];  evinces  itseK  in  the  eiiatenee 
ne.  mentioneil  above,  ii  alcohol,  C^ 


:id,  bnt  in  the  lormnlion  nt  elherenl  acid  mlphatea  the 

in  the  alcohol,  n-hllat  in  the  fonnntion  ol 

rdrogen  of  a  hydrocarbon.    Thia  difference 

.r  two  acids  ot  the  compoaiiion  SO,C,H„.     The 

'OB,  in  which  the  hydrogen  ot  the  hjrdmiyl  [* 


replaced  by  inlphoiyl  =C,Hj'080,H,  whilst  the  other  is  alcohol,  ii 
the  hydrogen  in  ethyl.  C^j,  ia  replaced  by  the  aalphtmic  groDp— Cha(ii~C,IIt(SO,HI'OH. 
The  latter  ii  called  iMihiouic  acid.  It  ii  more  Mable  than  aulphorinic  acid.  The  detail* 
M  to  thme  intereating  cantponnda  maat  b«  looked  for  in  organic  chemiitry.  hut  I  think 
it  DHVsaary  to  nnta  one  of  the  general  inetlioda  of  fortnaUon  oI  theae  ocidi.  The  buI' 
[JiiteanF  the  alkalis— for  example.  R, SO- — when  Leated  with  tlie  halogen  pmducta  oI 
metalepaii,  gire  a  halogen  lalt  and  a  aalt  of  a  Hulphonic  acid.  Thna  Diethyl  iodide, 
CH^I,  correxpiindH  «tUl  ubMIi  gaa,  CH|.  luid  at  IW'  with  a  folation  of  potaaiinm  aul. 
phite,  K,BO,.  it  givM  potaeriura  iodide,  KI.  and  polaBaium  methyltalphonate,  CHsSO^K 
— Uiiiti«,»8alt0*  tJieanlplionic  acid.  This  showa  that  the  aulphonic  acid  may  berefarred 
lo  tulphniouH  acid,  becaose  there  ia  a  reacniblance  beltreen  aulphuricaud  lulphuroua  acid, 
which  clearly  evinoea  itaalf  here  in  the  luimation  of  one  product  (rom  them  both. 
VOL.  11.  K 
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anhydride  is  capable  of  further  oxidation,  and  forms  a  kind  of  peroxide, 
juat  as  hydrogen  gives  hydrogen  peroxide,  in  addition  to  water,  or  as 
sodium  and  potassium,  besides  the  oxides  'S&.fi  and  K,0,  give  their 
peroxides,  compounds  which  are  in  a  chemical  sense  unstable,  power- 
fully oxidising,  and  which  do  not  directly  enter  into  saline  conibtna' 
tions.  If  the  oxides  of  potassium,  barium,  ic,  be  likened  to  wnter, 
then  their  peroxides  must  naturally  be  likened  to  hydrogen  peroxide,*' 
not  only  because  the  oxygen  contained  in  them  ia  very  mobile  and 
easily  liberated,  and  because  their  reactions  are  similar,  but  oIeo  be- 
cause they  can  be  mutually  transformed  into  each  other,  and  because, 
although  they  do  not  give  true  salts,  they  are  able  to  form  mutual 
componnda  and  hydrates,  as  ia  eeen  from  Schone'a  reaearches,  who 
obtained  a  compound  of  barium  peroxide  with  hydrogen  peroxide.*' 
And  this  is  the  character  of  eri/jihurlc  jieroride,  SjOj,  discovered  in 
1878  by  Berthelot,  and  called  by  him  jieraulphnric  acid,  although  it 
does  not  form  salts,  nor  exhibit  any  properties  that  can  justify  its 
being  termed  an  acid  ;^^  thus    it   decomposea  spontaneously,  and   ii 

*i  Tha  reaction  SaOlO  daiolopa  19000  lieat  oniU,  whilst  the  reaction  H,0  +  0 
nbiorbs  -SlUOO  beat  unita. 

"  It  bKiuni  peroiida  be  diasnlved  in  hydroeMorio  (or  noetic)  ncid,  or  if  s  aolntion  ol 
hydrogen  peroxide  be  diluted  with  u  eolation  of  bariiiin  hydroxide,  n  pore  hydrate  ia  pr«- 
pipilBted  hnYing  lie  oompoaitioa  BaO^SHjO  (BoinetinieB  the  campoaition  i»  taken  M 
BiO„6B,0].  This  fact  waa  sJceady  koown  toTbenard.  Schoneahowed  thiitit  h^rdrogen 
peraxide  be  in  eiceaa,  &  ciyatoJline  compoand  of  both  pernxidoa,  Ba0.j,H]0^  ia  preciiri- 
Inteii.  Schiine  also  obtained  aniall  n-ell-formed  erystala  ol  the  aune  compoaition  hy 
addiDg  a  aolntion  of  ammania  to  an  ai^irl  solution  of  bariam  peroxide  (conteiningabariiiBi 
salt  aud  hydragea  peroxide).  Thua  bariiiuj  puroiide  combines  with  both  water  and 
liydrogen  pemiide.  Thia  ia  a  very  important  fact  for  the  comprehension  of  the  compo- 
■ition  of  other  peroxides,  which  has  recently  occQpied  the  attention  of  many  chemists, 

'^  There  is  only  one  circomalance  which  might  cause  the  oxide  8}0i  to  be  named  aa 
it  waahy  Berthelot.  bnt  this  circumstance  ia  purely  extoroal  and  conditional,  and  depends 
on  the  tact  that  the  dioxides  MnO,  and  PbO^  ore  frequently  called  peroxides,  althon^ 
Iheyareot  adiflerent  nature  from  the  true  peroxides,  HjO,.  BaOg,  Na^Og.  lie.  Manganese 
and  its  analognes,  which  give  bases  and  acidt,  form  peroxides  from  basio  oxides  plat 
oxygen,  and  the  peroxides  p'lii  oxygen  give  the  ooids;  and  among  them  ia  HnOj  the 
analogne  of  SOj,  and  Mn,0,  the  analogue  in  compuaition  of  3^0;.  Bat  it  is  erident 
that  the  properties  of  the  peroxides  are  independent,  and  MaO]  has  as  little  resemblanM 
lo  the  pemiides  of  hydrogen,  sodium,  ajid  horium  as  it  hat  to  the  oxides  FtO,.  80,,  SiOn 
and  even  FbO,,  althoagh  here  the  oiidea  are  formed  on  the  same  type.  In  the  Best 
place,  those  true  peroxidea.  among  which  8.JO7  raaat  be  reckoned,  preseot  a  higher  typs 
of  oxide  than  the  aalt-forniing  oxide  |and  In  the  case  of  MnO,  there  are  still  hii^ber  scid 
oxidee,  UnOj  and  Mo,0;),  and  in  the  second  place  thoy  contain  oxygen,  which 
easily  liberated  in  reactiona  as  in  hydrogen  peroxide. 

In  order  to  clearly  demonstrate  the  i>aswbility  of  a  peroxide  form  for  actda,  it  should 
be  mentioned  that  Brodie  long  ago  obtained  the  so-called  acetic  peroxide  |C,H,0),0» 
by  the  action  of  barium  peroxide  on  acetic  anhydride  (CiiHjO),0.  Its  correspor  " 
hydrate  is  also  known.  Thia  ahowa  that  trae  peroxidea  and  their  hydrates, 
reactiona  similar  to  those  of  hydrogen  peroxide,  may  be  possible  for  acids,  as  \ 
to  be  the  case  with  aoetio  peroxide  and  its  hjrdrale.    And  euch,  in  my  opinion. 


formed  from  2S0„+0  with  the  absorption  of  heat  (  —  27  thousand 
heat  units),  like  OKOne  from  0,+0  (—19  thousand  units  of  heat),  or 
hydrogen  peroxide  HjO  +  O  (—21  thousand  heat  units).  It  givea 
a  compound  with  hydrogen  peroxide  like  that  forroed  by  barium 
peroxide ;  it  is  formed  fi-oni  strong  sulphuric  acid  a,nd  hydrogen 
peroxide,  exactly  like  calcium  peroxide  ;  it  is  even  decomposed  by 
platinum,  and  presents  all  the  characters  of  the  true  peroxides. 

The  hydraU  of  mil/ihiric  jieroxide,  S,0,.H)0ss8,Hj0s,  is  obtained 
more  simply  by  mixing  strong  sulphuric  acid  (not  weaker  than 
HiSO„2HjO)  directly  with  hydrogen  peroxide,  or  by  the  action  of  a 
galvanic  current  on  sulphuric  acid  mised  with  a  certain  amount  of 
water,  and  cooled,  the  electrodea  being  platinum  wires,  when  it  natu- 
rally appears  at  the  positive  po!e.^'  When  an  acid  of  the  strength 
HjSOoGHjO  is  taken,  then  at  first  the  hydrate  of  the  sulphuric  per- 
oxide, 8jO;,HjO,  only  is  formed  ;  hut  when  the  concentration  about  the 
positive  pole  reaches  H5SO„3H,0,  then  a  mixture  of  hydrogen  per- 
oxide and  the  hydrate  of  sulphuric  peroxide  begins  to  be  formed.     A 

reUtioD  of  SjO?  and  its  componnila  with  water  and  hydrogen  peroxide  to  anlphnric 
acid,  and  thenfore  I  call  9.Sh  the  anlphur  peroxide  or  the  ■ulpharyl  peroxide.  It 
\»  evirtent  from  the  above  that  similM  p«rniiciea  may  be  expected  for  other  acids  alio. 
A  nmiUi  higher  oxide  has  long  been  knnHn  foe  cbroinium.and  Bertholot  obtained  a  like 
eontpoiuid  [or  nitric  acid  ;  but  these  haTebeeD  tar  lene  etudied  Uian  S^O],  which  Berthelot 
diaooiered  and  iaventigated  with  a  certain  amount  oF  detail. 

AnhjdrotH  syilphvrit  peroxidt,  S1O7,  is  obtained  by  the  prolonged  (B  to  10  hoorg) 
■otion  of  a  silent  diKdiarge  of  conaidenble  intensity  on  a  mixture  of  oxjrgeti  and  sol- 
phoTMig  atihf  dride ;  the  Taponr  of  snlpburio  peroxide,  S^O,,  condeniwi  as  liquid  dropn, 
or  after  being  cooled  to  0°  In  the  form  of  long  prismatic  ciyst^ls,  Ksembling  those  of 
snlpharic  uibyddde.  The  anhydrous  compoand  3,0-  (ind  also  the  hydrons)  cannot  be 
preserved  long,  an  il  gplilfl  up  into  oxygen  and  sulphuiic  anhydride.  Direct  experiment 
shows  that  a  miitmo  of  equal  Tolamea  of  sntpharous  anhydride  and  oxygen  leaves  n 
reoidoeof  ai[narter  of  the  oxygen  taken,  or  half  of  the  whole  volume,  which  indicates  the 
tonnola  SjO,.  This  sabstance  is  solable  in  water,  and  il  then  gives  a  hydrate,  probably 
having  the  composition  S.jO,,H.,0  ^  25HO,.  This  solution  oxidises  the  salts  BuXj, 
{Xitassitua  iodide,  and  otheni.  which  renders  it  poesihle  to  prove  [hat  the  solution  actually 
Eontaina  one  atom  of  oxygen  capable  of  effecting  oxidation  to  two  molecules  of 
■alphnric  anhydride. 

"  Many  other  peroxides  of  varioui  elements  may  be  obtained  by  a  similar  method  of 
doable  decomposition  or  by  the  action  ot  a  gatvanic  current  (when  tbe  higher  oxygen 
eomponnd  is  formed  at  the  anode).  Thus  Spring  (18X91,  by  acting  at  tlie  ordinary  tem- 
perature with  an  excess  M  pure  hydrated  barium  peroxide  (ptmipitsted  from  a  solnlion 
of  hydrogen  peroxide  by  tbe  addition  ol  barium  bvdmvidel  on  a  enlnlion  of  st&nnoua 
chlnride  (utniated  and  containing  hydrochloric  acidi.  obt«ined  a  cloudy  solation.  whicli 
after  dialysis  (Usting  three  months,  with  the  doily  renewal  of  the  external  wal«r}  and 
evaporation  left  a  white  moss  having  the  composition  H^SniOj.  Spring  regarded  this 
■abstancc  as  abypentannic  acid,  although  be  did  notobtJUD  any  corresponding  salts.  Il 
appean  to  me  possible  to  admit  that  the  substance  is  a  compound  ol  hydrogen  peroxide 
with  («l;M'oXI'l'e.S^3O.i,.becaueeS^,H,0,^H]O,-^St>v0J,  although  it  is  also  possible 
to  admit  that  the  peroxide  forms  ol  tinoreSiiyOiBnd  SuOj,  andif  the  tubstance  obtained 
«iaa  SnOi,  then  SngOiH,  is  H,0,3BD0a. 

a9 
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v^^u*  ^xf  <H)uilihrium  is  uUimaldy  arrived  at  between  the  amount  of 
O^tv^  substances  which  correspcnds  with  the  proportion  S2O7  :  2H2O2, 
whiclu  as  it  were,  answers  to  a  hydrate  S.^09,2H50.  But  its  existence 
\NUUiot  be  recognised,  because  the  sulphuric  peroxide  can  be  easOy  dis- 
tinguished from  the  hydrogen  peroxide  in  the  solution,  owing  to  the 
fact  that  the  former  does  not  act  on  an  acid  solution  of  potassium  per- 
manganate, whilst  the  hydrogen  peroxide  evolves  both  its  own  oxygen 
and  that  of  the  permanganic  acid  and  converts  it  into  manganous  oxide ; 
this  enables  the  relative  amounts  of  S2O7  and  HjOj  to  be  determined. 
Their  common  property  of  liberating  iodine  from  an  acid  solution  of 
potassium  iodide  enables  the  sum  of  act've  oxygen  in  them  both  to  be 
determined.  Dilute  solutions  of  sulphuric  peroxide  can  be  kept  better 
than  more  concentrated  solutions,  and  the  latter  may  be  obtained  con- 
taining as  much  as  123  grams  of  the  peroxide  to  a  litre.  It  is  a  very 
instructive  fact  that  hydrogen  peroxide  is  always  formed  when  strong 
solutions  of  sulphuric  peroxide  break  up  on  keeping.  So  that  the  bond 
between  both  peroxides  is  established  both  by  analysis  and  synthesis  : 
hydrogen  peroxide  is  able  to  give  sulphuric  peroxide,  and  the  latter  to 
give  hydrogen  peroxide.  A  mixture  of  sulphuric  peroxide  with  sul- 
phuric acid  or  water  is  immediately  decomposed,  with  the  evolution  of 
oxygen,  either  when  heated  or  under  the  action  of  spongy  platinum. 
The  same  thing  takes  place  with  a  solution  of  baryta,  only  not  so 
rapidly,  so  that  the  solution  may  be  filtered.  Mercury,  ferrous  oxide, 
and  the  stannous  salts,  are  oxidised  by  sulphuric  peroxide.  These  are 
all  distinct  signs  of  true  peroxides. 

In  order  to  see  the  relations  of  sulphuric  peroxide,  we  must  first 
remark  that  hydrogen  peroxide  is  considered,  in  the  sense  of  the  law 
of  substitutions,  as  water,  H(OH),  in  which  H  is  replaced  by  (OH) : 
0H0H=H,02.  The  relation  of  H.,S.^08  or  HsOjS^O;  to  HjSO^  is 
exactly  similar.  Indeed,  the  radicle  of  sulphuric  acid,  equivalent  to 
hydrogen,  is  HSO4  ;^''  it  corresponds  with  the  (OH)  of  water,  and 
therefore  sulphuric  acid,  H(SH04),  gives  (SHOj)^  or  SjHjOg,  in  exactly 
the  same  manner  as  water  gives  (H0)2 — i.e.  H202.^^ 

*^  Or  one  of  those  supposed  ions  which  appear  at  the  ixjsitive  pole  in  the  decompo- 
sition of  sulphuric  acid  by  the  a-.tion  of  a  galvanic  current. 

**  If  this  be  true  one  would  expect  the  following  peroxide  hydrates  :  for  phosphoric 
acid,  (H.^P04y2  =  HiP.jO^  =  2H2O  +  2PO5;  for  carbon  c  acid,  (HC0:,).2  =  HoC^Oe  = 
HoO  +  C2O5  ;  and  for  lead  the  true  peroxide  will  be  also  Pb  .O5,  <tc.  Judging  from  the 
example  of  barium  peroxide  (Note  6*2),  these  peroxide  fonns  will  probably  combine 
together.  It  seems  to  me  that  the  compounds  obtained  by  Fairley  for  uranium  are  very 
instructive  as  elucidating  the  peroxides.  In  the  action  of  hydrogen  peroxide  in  an  acid 
solution  on  uranium  oxide,  UO5,  there  is  formed  a  uranium  peroxide,  U04,4H20  (U  =240), 
but  hydrogen  peroxide  acts  on  uranium  oxide  in  the  presence  of  caustic  soda ;  then  on 
the  addition  of  alcohol  a  crystalline  compound  containing  Na4U08,4HjO  is  precipitated* 
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The  largest  proportiou  of  gidjthtiric  acid  U  usee/  for  reacting  on 
stKlium  chloride  in  the  luanafacture  of  sodium  carbonate  ;  for  the 
manufacture  of  the  volatile  acids,  like  nitric,  hydi-ochloric,  Ac,  from 
tlieir  corresponding  salts  ;  for  the  preparation  of  ammonium  sulphate, 
alums,  vitriols  (copper  and  iron),  and  other  salts  of  sulphuric  acid  ;  in 
the  treatment  of  bone-ash  for  the  preparation  of  phosphorus,  and  for 
the  solution  of  metals — for  example,  of  siher  in  its  separation  from 
gold— for  cleaning  metala  from  rust,  Ac,  A  large  amount  of  oil  of 
vitriol  is  also  used  in  treatment  of  organic  substances ;  it  is  used  for 
the  extraction  of  stearin,  or  stearic  acid,  from  tallow,  for  refining 
petroleum  and  various  vegetable  oils,  for  purifying  madders,  for  the 
solution  of  indigo  and  other  folouring  matters,  for  the  conversion  of 
paper  into  vegetable  pjirt-hment,  for  the  preparation  of  etiier  from 
alcohol,  for  llie  preparation  of  various  artilicial  scents  from  fusel  oil, 
for  the  preparation  of  vegetable  acids,  such  as  oxalic,  tartaric,  citru', 
for  the  conversion  of  non- fermentable  starchy  substances  into  ferment- 
able glucose,  and  in  a  number  of  other  processes.  It  would  be  difficult 
to  find  another  urtiticially- prepared  substance  which  is  so  frequently 
applied  in  the  arts  as  sulphuric  acid.  Where  there  are  not  works  for 
its  manufacture,  the  rational  production  of  many  other  substanccit  of 
great  technical  importance  is  impossible.  In  those  localities  whicli 
have  arrived  at  a  high  technical  activity  the  amount  of  sulphuric  acid 
consumed  is  propoi-tionally  large  ;  sulphuric  acid,  soiliuni  carbonate, 
and  lime  are  the  most  important  of  the  artificially- prepared  agents 
employed  at  technical  works. 

Besides  the  normal  acids  of  sulpliur,  H^SOj,  HaSOjS,  and  HjSO^, 
corresponding  with  sulphuretted  hydrogen,  HjS,  in  the  same  way  that 
the  oxy-acids  of  chlorine  correspond  with  hydrochloric  acid,  HCl,  there 
exists  a  particular  series  of  acids  which  are  termed  Ikionie  Midi. 
Their  general  composition  is  S^H.jO,;,  where  ii  varies  from  3  to  5.  If 
n-=^'2,  the  acid  is  called  dithionic  acid.  The  others  are  distinguished 
as  trithionic,  tetrathionjc,  and  pentathionic  acids.  Their  composition, 
existence,  and  reactions  are  very  easily  understood  if  they  be  refeiTed 
to  the  class  of  the  sulphonic  acids — that  is,  if  their  relation  to 
sulphuric  acid  lie  expressed  in  just  the  same  manner  as  the  relation  of 
the  organic  acids  to  carbonic  acid.  The  organic  acids,  as  we  saw 
(Chapter  IX.),  proceed  from  the  hydrocarbons  by  the  substitution  of 
their  hydrogen  by  carboxyl  —  that  is,  by  the  radicle  of  carbonic  acid, 

which  is  doabtleis  ■  compound  oF  tlis  peroildn  ol  aojium,  Nit^Oj,  und  aruiiimi,  UOj. 
It  ii  vtTj  poauble  (hat  the  fiiat  peroxide,  UOti^HiO,  contwot  the  elemeob  of  hydrogen 
peniida  and  ursoia'D  perotide.  U.JO7,  or  even  Ui,OUig,H,Oi,  Jaat  ns  the  t«ioiide  lonu 
lately  ditcovered  by  Spring  lor  (iu  [i«tha])>  cuntaia^  Sii]0g,U]0j. 
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CH2O3  —  HO  =  CHOg.  The  formation  of  the  acids  of  sulphur  may  be 
represented  in  the  same  manner.  Therefore  to  hydrogen  there  should 
correspond  the  acids  HSHO3,  sulphurous,  and  SHO^'SHOjssSjHjOg, 
or  dithionic  ;  for  SHj  there  should  correspond  the  acids  SH(SH03) 
=  1128203  (thiosulphuric),  and  8(81103)2  =  HjSaOf,  (trithionic)  ;  for 
S2H2  the  acids  S2H(SH03)  =  H283O2  (unknown),  and  S2(SH03)3 
=  B^S^Ofi  (tetrathionic) ;  for  S3H2  the  acids  S3H(SH03)  and 
83(81103)2  =  HjS/iOe  (pentathionic).  Iodine  reacts  directly  with  the 
hydrogen  of  sulphuretted  hydrogen  and  combines  with  it,  and  it  reacts 
still  more  clearly  with  the  metals  which  have  replaced  this  hydrogen. 
Thiosulphuric  -acid  contains  the  radicle  of  sulphuretted  hydrogen  or 
hydrogen  (united  with  sulphur)  of  the  same  nature  as  in  sulphuretted 
hydrogen  ;  so  it  is  not,  therefore,  surprising  that  iodine  reacts  on 
sodium  thiosulphate  and  forms  sodium  tetrathionate.  So,  thiosul- 
phuric acid,  H8(SH03),  when  deprived  of  H,  gives  a  radicle  which 
immediately  combines  with  another  similar  radicle,  forming  the  tetra- 
tliionate  S2(802HO)2.  With  this  view  ^^  of  the  structure  of  the  thionic 
acids  and  salts,  it  is  also  clear  how  all  the  thionic  acids,  like  thiosul- 
phuric acid,  easily  give  sulphur  and  sulphides,  with  the  exception  only 
of  dithionic  acid,  H2S2O6,  which,  judging  from  the  above,  stands  apart 
from  the  series  of  the  other  thionic  acids.  Dithionic  acid  stands  in 
the  same  relation  to  sulphuric  acid  as  oxalic  acid  does  to  carbonic  acid. 
Oxalic  acid  is  dicarboxyl,  (CH02)2=C2H204,  and  so  also  dithionic 
acid  is  disulphoxyl,  (8H03)2=  82H20(i.  Oxalic  acid  when  ignited 
decomposes  into  carbonic  anhydride  and  carbonic  oxide,  CO,  and 
dithionic  acid  when  heated  decomposes  into  sulphuric  anhydride 
and  sulphurous  anhydride,  SOg,  and  8O2  stands  in  the  same  relation 
to  SOj  as  CO  to  CO2.  This  also  explains  the  peculiarity  of  the 
calcium,  barium,  and  lead,  «kc.,  salts  of  the  thionic  acids  being  easily 
soluble^  although  the  coiTCsponding  salts  of  H28O3,  H2SO4,  and  HoS 
dissolve  with  difficulty,  because  the  former  are  similar  to  the  salts  of 
the  sulphonic  acids,  which  are  also  soluble  in  water.  Thus  the  thionic 
acids  are  disulphonic  acids,  just  as  many  dicarboxylic  acids  are  known 
for  carbon— for  example,  CH2(C02H)2,  C^K^iCO.^R^y*^ 

^^  This  view  was  commnnioated  by  me  in  1870  to  the  Russian  Chemical  Society 
{Journal  of  the  liussian  Chemical  Society ^  1870,  p.  276). 

^  Dithionic  acid,  HaSjOc,  is  distinguished  among  the  thionic  acids  as  containin;^ 
the  least  proiwrtion  of  sulphur.  It  is  also  called  hyxwsulphuric  acid,  because  its  supposed 
anhydride,  S2O5,  contains  more  O  than  sulphurous  oxide,  SO.^  or  S^O^,  and  less  than 
sulphuric  anhydride,  SO5  or  SiOg.  Dithionic  acid,  discovered  by  Gay-Lussac  and 
Welter,  is  known  as  a  hydrate  and  as  salts,  but  not  as  anhydride.  The  method  for  pre- 
l>aring  dithionic  acid  usually  employed  is  by  the  action  of  finely-powdered  manganese 
dioxide  on  a  solution  of  sulphurous  anhydride.  On  shaking,  the  smell  of  the  latter 
disappears,  and  the  manganese  salt  of  the  acid   in  question  passes  into  solution; 
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Sulphur  eshibits  an  acid  character,  not  only  in  its  compounds  with 
hydrogen  and  oxygen,  but  also  in  those  with  other  elerowits.     The 

MnOj  +  SSOt^MnSjOj.  tl  the  tcmperiLtDre  be  taieed,  the  dilbion&U  splitia  np  into  bdI- 
iJinrDUB  Mihjiirido  and  maugaiiBnii  aulpbata.  MnSO(.  Genemlly  owing  lo  this  a.  roU- 
tuie  of  tiungaiie»  «i1|ib»t«  uxd  ditluonnte  is  obtaioed  En  the  salutioa.  Tbey  maj  be 
■epu'iLtad  bv  Diiiing  the  eolntioii  of  the  QunguieaB  salts  with  a,  solution  ol  borinia 
hyilroiide,  when  t,  precipitals  of  maagmnese  bydroiiila  and  barium  aulphkte  is  olilainad. 
In  (hJB  Bunner  buinm  dithionate  only  is  obtained  in  solution.  Tliis  salt  is  puriSed  by 
crystatliulian,  in  which  form  it  sepAratea  ss  Bs3]0g,SIL,0 ;  this  is  then  dissolved  in 
wat«r,  and  decomposed  viCb  the  raqaiaite  nmoaDt  of  Bulphario  acid.  Dithionic  acid, 
II]S,0(,  than  remains  ia  solatiou.  By  conceucruting  the  lesultant  aolatiou  under  the 
receiver  ol  an  air-pump  it  ia  possible  to  obtain  s  liqaid  of  sp.  gr.  VSiT,  bat  it  still  con- 
tains water,  and  on  further  evaporatinn  the  acid  decooiposes  into  sulphuric  acid  and 
aulpbutoas  auhydride:  H;3,0D-H,SOt  +  S0,.  The  same  decomposition  tokus  place  if 
the  solution  be  slightly  healed.  Like  all  the  tbioQic  acids,  ditbionio  acid  is  resjlily 
attacked  by  oxidising  ageote,  and  pauses  into  aolphuiotie  acid.  Xo  dithionate  ia  able  to 
withstand  the  BCtian  of  heat,  even  when  very  sligbt,  without  giving  uS  snlphncons  anhy- 
dride: E,SPe^K,SO,  +  SO,.  The  alkali  ditbionatea  have  a  neutral  reactiou  (whii^h 
indicate*  tbe  energetic  nature  of  the  acid),  are  Bolnble  in  water,  and  in  tfaia  respect  pre- 
sent a  certain  resemblauoe  to  the  salts  □(  nitric  acid.  The  latter  circumetance  probably 
depends  on  the  atuUogy  of  the  atomic  composition  of  dithionio  and  nitric  adds  and  of 
their  salts.  Thus  their  anhydrides  are  N,0,  and  S,Oi,  their  barium  salts  BaNgO,  and 
BBS.iOd;  but  adifferenEe  umsC  be  recognised  in  the  salts  of  the  univalent  metals  ENOj 
andK^HgO^  although  the  latter  formula  is  divisibl-e  by  two. 

Langlnis,  about  1S40,  obtained  a  particular  thionlc  acid  by  heating  a  strong  solution 
of  potassium  acid  sulphite  with  flowers  of  sulphur  to  about  BO*',  until  the  disappearance  ol 
the  yellow  coloration  first  produced  by  the  solution  of  the  sulphar.  On  cooling,  a 
portion  of  the  sulphur  woe  precipitated,  and  there  separated  oat  cr7BtaIs  of  a  salt  of 
trithionie  aeu!.  K-SjOa  (pstly  miisd  with  potaaaium  solphate).  Plessy  afterwards 
showed  that  the  action  of  aulpharous  acid  on  B  thiosulplisle  also  gives  SQlphar  and 
trithionie  acid:  aKiS^i-t-SSOi-^aSiSjOs 4- S.  A  loixture  of  potassium  acid  sulphite  and 
thiosulphate  also  gives  a  trithiouate.  It  is  very  poeaible  that  a  reaution  of  the  same  kind 
occurs  in  the  formation  of  tiilhianic  acid  by  Langlois's  method,  becaaae  potasiiom  sul- 
phite and  sulphur  yield  potassium  thiosulphate.  The  potassiatn  (hiosulphals  may  also 
be  replaced  by  potassium  sulphide,  and  on  passing  sulphurous  anhydride  through  Uie  solu* 
tion  thiosulphate  is  £rst  formed  and  then  trithiociate  :  lKHSOi  +  K,S  +  4SO,'^BE^,Oa 
-t-aHjO.  tiie  sodium  salt  is  not  formed  under  the  same  oiTcucuitances  as  the  cor- 
responding potsssium  salt.  The  sodium  salt  does  not  crystallise  and  is  i-ery  ututable  ; 
the  barium  salt  is,  however,  mom  stsblc.  The  bariam  and  potassium  salts  are  anby- 
dcoua,  thej  give  neutral  solutions,  and  deeompOBe  when  ignited,  with  the  evolutioe  ol 
sulphur  and  aulphorous  anhydride,  a  sulphiste  being  left  behind — for  example, 
K,SjOi=K^O,  +  SO]  +  S.  If  a  solution  of  the  potassium  salt  be  decomposed  by  meaJK 
of  hydioBuosilicio  or  chloric  acid,  the  insoluble  salts  of  these  acids  are  precipitated, 
and  trithionie  acid  is  obtained  in  solution,  whicli,  however,  very  easily  breaks  op  on 
concentration.  The  addition  of  salts  ol  copper,  mereary,  silver,  &c,,  to  a  solution  ol  a 
trilhionate,  i*  followed,  either  inunediately  or  after  a  certain  time,  by  the  formation  ol  a 
black  precipitate  of  the  sulphides  wboae  formation  ia  due  to  the  deoompoeition  ol  the 
tritbionie  acid  with  the  tratiafereoce  of  its  sulphur  to  the  metal. 

Trtraihianii!  acid,  U]ij,0ci  in  conlradistinction  to  the  preceding  acids,  is  mnch 
mote  (table  in  the  free  state  than  in  the  form  cil  salts.  In  the  latter  lonn  it  ia  easily 
converted  into  trithionate,  with  liberation  of  solphnr.  Sodium  lelmthionate  was 
obtained  by  Fordos  and  Gdlis.  by  the  action  of  iodine  on  a  solution  of  sodium  thiosul. 


entially  (■< 


thiosulphate,  uuuniDch  as  the  latter  coulitiiis  Na^SgO],  whilst  tt 
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compound  of  snlphur  and  carbon  has  been  particular! j  well  invest%ated. 
It  presents  a  great  analogy  to  carbonic  anhydride,  both  in  its  elementary 
composition  and  chemical  character.  This  substance  is  the  so-called 
carbon  bisulphide,  CS2,  and  corresponds  with  COj. 

NaSjOs  or  ^sl-S^O^  so  that  the  reaction  is  as  follows:  2NaoS.2Q5-»-l2=aNaI  +  NaoS40rt. 
It  is  evident  that  tetrathionic  acid  stands  to  ihiosulphnric  acid  in  eizacily  the  same 
relation  as  dithionic  acid  does  to  salpharoas  acid ;  for  the  same  amount  oi  the  other 
elements  in  dithionate  KSO5,  and  tetrathionate  ES.2O5,  there  is  half  as  much  metal  aa 
in  sulphite,  K2SO5,  and  thiosnlphate,  K^S^O;^  If  in  the  above  reaction  the  todinm 
thiosnlphate  is  replaced  by  the  lead  salt  PbS2Q3,  the  sparingly-solnble  lead  iodide 
Pbl^  and  the  soluble  salt  PbS40e  are  obtained.  And  the  lead  salt  easily  gives  tetra- 
thionic  acid  itself ;  for  this  purpose  &  solution  of  the  salt  is  mixed  with  sulphuric  acid 
until  it  ceases  to  give  a  precipitate  of  lead  sulphate :  PbS408  +  H.2S04=PbS04+ H^S^Oa. 
The  lead  salt  may  also  be  decomposed  by  sulphuretted  hydrogen,  but  in  this  case  a 
portion  of  the  acid  is  decomposed,  and  evolves  sulphurous  anhydride.  The  solntion  of 
tetrathionic  acid  thus  obtained  may  be  evaporated  directly  over  a  water  bath,  and 
afterwards  in  a  vacuum,  when  it  gives  a  colourless  liquid,  which  has  no  smell  and  an 
acid  reaction.  When  dilute  it  may  be  heated  to  its  boiling-point,  but  in  a  concen* 
trated  form  it  decomposes  into  sulphuric  acid,  sulphurous  anhydride,  and  sulphur: 
H2S40«  =  HaS04  +  SO, + Sj. 

Pentathionic  acidy  H2S5O0,  also  belongs  to  this  series  of  acids.  But  little  is  known 
concerning  it,  either  as  hydrate  or  in  salts.  It  is  formed,  together  with  tetrathionic 
acid,  by  the  direct  action  of  sulphurous  acid  on  sulphuretted  hydrogen  in  an  aqueoua 
solution ;  a  large  proportion  of  sulphur  being  precipitated  at  the  same  time : 
5SO2  +  6H2S = ILjSiOfl  +  6S  +  4H2O. 

If,  as  was  shown  above,  the  thionic  acids  are  disnlphonic  acids,  then  they  may  be  ob~ 
tained,  Uke  other  sulphonic  acids,  by  means  of  potassium  sulphite  and  sulphur  chloride. 
Thus  Spring  demonstrated  the  formation  of  potassinmtritbionateby  the  action  of  sulphur 
dichloride  on  a  strong  solution  of  potassium  sulphite :  9KS03K  +  SCl2=»=S(S05K)o  +  2KCl. 
If  sulphur  chloride  be  taken,  then  sulphur  is  also  precipitated.  The  same  trithionate  is 
formed  by  heating  a  solution  of  double  thiosulphates,  for  example,  of  AgKS203.  Two 
molecules  of  the  salts  then  form  silver  sulphide  and  potassium  trithionate.  If  the 
thiosnlphate  be  the  potassium  silver  salt  S03K(AgS),  then  the  structure  of  the  tri- 
thionate must  necessarily  be  (SOsE)2S.  Previous  to  Spring's  researches  the  action  of 
iodine  on  sodium  thiosulphate  was  an  isolated  accidentally  discovered  reaction ;  he,  how« 
ever,  showed  its  general  significance  by  testing  the  ouction  of  iodine  on  mixtures  of 
different  sulphur  compounds.  Thus  with  iodine,  I2,  the  mixture  Na2S4-Na2SO-,  forms 
2NaI -f  NaaSaO.,,  whilst  the  mixture  Na^S^Os  +  Na^SOr,  +  Ij  gives  2NaI  4- Na^SjOo— that 
is,  trithionic  acid  stands  in  the  same  relation  to  thiosulphuric  acid  as  the  latter  does  to 
sulphuretted  hydrogen.  And  this  is  the  same  as  our  mode  of  representation :  by  re- 
placing one  hydrogen  in  H2S  by  sulphuryl  we  obtain  thiosulphuric  acid,  HSOs'HS,  and 
by  replacing  a  second  hydrogen  in  the  latter  again  by  sulphuryl  we  obtain  tritliionic 
acid,  (11303)28.  FNirthermore,  Spring  showed  tliat  the  action  of  sodium  amalgam  on  the 
thionic  acids  causes  reverse  reactions  to  those  above  indicated  for  iodine.  Thus  sodium 
thiosulphate  with  Na2  gives  Na2S  +  Na2S05,  and  Spring  showed  that  the  sodium  here  is 
not  a  simple  element  taking  up  sulphur,  but  that  it  itself  enters  into  double  decom- 
position, replacing  sulphur;  for  he  took  a  potassium  salt  and  acted  on  it  with 
sodium:  K2S205  +  Na2  =  NaKS  +  NaKS03,  or,  for  sake  of  clearness,  we  may  write  it 
thus:  K803(SK)  +  NaNa=»KS03Na+(SK)Na.  In  a  similar  way  sodium  dithionate 
with  sodium  gives  sodium  sulphite:  (NaS03)2  +  Na.j=2NaS05Na;  sodium  trithionate 
forms  NaSOsNa  and  NaSOs'SNa,  and  tetrathionate  forms  sodium  thiosulphate, 
(XaSO.-,)S2(NaS03)  +  Na2-=2(NaS03)(NaS). 

In  aU  the  oxidised  compottuds  of  sulphur  we  may  uote  the  presence  of  the  elemeuta 
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The  first  endeavours  to  obtain  a  compound  of  sulphur  with  carbon 
were  unaueoessful,  for  although  sulphur  does  combine  directly  with 
carbon,  yet  the  aucceaaful  formation  of  this  compound  requires  oistinctly 
definite  conditions.  If  sulphur  is  mixed  with  charcoal  and  heated,  it 
is  completely  driven  off  from  the  hitter,  and  there  is  not  obtained  the 
sinnUest  trace  of  carbon  bisulphide.  The  fonnation  of  this  compound 
requires  tliat  the  charcoal  should  be  first  heated  to  a  red  heat,  but  not 
above,  and  then  either  the  vapour  of  sulphur  passed  over  it  or  lumps 
of  sulphur  thrown  on  to  the  re<I-hot  charcoal,  but  in  small  quantities, 
so  aa  not  to  lower  the  temperature  of  the  charcoal.  If  the  charcoal  be 
heated  to  a  white  heat,  the  amount  of  carbon  bisulphide  formed  is  less, 
This  depends,  in  the  first  place,  on  the  carbon  bisulphide  dissociating 
at  a  high  temperature.^"     In  the  second  place,  Favre  and  Silberman 
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Hence  it  In  eiident  that  SO,  baa  (whilst  CO,  Im!  not]  the  (unity  tar  conibiDatian, 
&nd  UBU  at  forming  SO^,.  These  X,ciin  ^0,niid  one  iDvoIaatiuily  wks  aneulf  if  the 
Oi  which  ocean  in^Og  ia  not  of  the  aune  natare  ■«  thin  oiyKen,  which  nsnimiUtef  itwlt 
to  SO.j— that  is,  whether  SO,  does  not  correapond  «itb  tha  more  general  type  SX^,  ud 
its  Dompoands  with  the  typo  SXg?  To  this  we  may  answer 'Yee'  and  'So  ' — 'Tea'  in 
the  general  aense  which  proccoda  Irom  the  inreatigation  of  the  majority  of  oompoonda, 
rapecioll)' metals,  where  BO  correipoDda  with  BCI^BS;  'No'  in  the  aense  that  nulphur 
does  not  give  either  SH^,  SHg.  nor  SClg.  and  therefore  the  stage*  SXt  and  SX,  arc  only 
obivnble  in  the  oxygen  componnds.  In  the  aense  of  the  type  SXe  one  would  expect  a 
hydrate,  8(HO),.  althaagh  not  SCI,.  And  we  must  recognise  this  hydrate  trom  a  stady 
pi  the  cxanpoonda  of  sulphuric  acid  with  water. 

"  Even  bght  decotnpOBes  carbon  bisulphide,  but  not  to  the  extent  o(  acparaling 
carbon;  under  the  action  of  the  sun's  rays  it  isdeoomposed  into  sulphur  and  a  solid  sub 
Blanet'  which  is  considered  to  be  carbon  mouosulphide  :  it  is  of  a  red  colour,  tmd  its  sp.  gr. 
is  1-66.  Thorpe  (1S8S)  observed  a  complete  decomposition  of  caibon  bisulphide  under 
~  a  liquid  alloy  of  potassium  and  soditun  ;  it  is  accompanied  by  an  explosion 


and  the  deposition  of 
sulphide  is  also  aecompiished  by  tl 
■nd  is  dne  to  the  faot  that  al  Ike  i 
not  pmdnced)  the  deeompoiilion  • 
of  heat — that  is,  it  preaents  an  ex 
plosirea    It  is  rery  possible  that 


and  Biilpbni.    A  like  compleb 

I  by  the  action  of  mercary  fulminate  (Chapter  XYJ.  Kote  SB}, 

'  Ike  ordinary  tumperattira  (at  which  oorbnn  hisnlphide  it 

arbon  hisnlphide  takes  place  with  the  development 

temperature,  when  carbon  bisulphide  is 


fomwd,  the  wmbination  ol  carbon  with  lalphur  ia  also  an  exothermal  rsoction—that  is 
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showed  that  in  the  combustion  of  one  gram  of  carbon  bisulphide  (the 
products  will  be  CO2  +  2SO2)  3400  heat  units  are  evc^ved — that  is, 
the  combustion  of  a  molecular  quantity  of  carbon  bisulphide  evolves 
258400  heat  unite  (according  to  Berthelot,  246000).  From  a  molecule 
of  carbon  bisulphide  we  may  obtain  12  parts  of  carbon,  whose  com- 
bustion evolves  96000  heat  units  and  64  parts  by  weight  of  sulphur, 
evolving  by  combustion  (into  SO^)  140800  heat  units.  Hence  we  see 
that  the  component  elements  evolve  less  heat  (237000  heat  units) 
than  carbon  bisulphide — that  is,  that  heat  should  be  evolved  (at  the 
ordinary  temperature)  and  not  absorbed  in  its  decomposition,  and 
therefore  that  the  formation  of  carbon  bisulphide  from  charcoal  and 
sulphur  is  in  all  probability  accompanied  by  an  absorption  of  heat.^® 
Hence  it  is  not  surprising  that  it,  like  other  compounds  produced  with 
an  absorption  of  heat  (ozone,  nitrous  oxide,  hydrogen  peroxide,  &c,),  is 
unstable,  easily  converted  into  the  original  substances  from  which  it 
may  be  obtained.  And,  indeed,  if  the  vapour  of  carbon  bisulphide  be 
passed  through  a  red-hot  tube,  it  is  decomposed — that  is,  it  dissociates — 
into  sulphur  and  carbon.  And  this  takes  place  at  the  temperature  at 
which  this  substance  is  formed,  just  as  water  decomposes  into  hydrogen 
and  oxygen  at  the  temperature  of  its  formation.  In  this  absorption  of 
heat  in  the  formation  of  carbon  bisulphide  is  explained  the  facility 
with  which  it  suffers  reactions  of  decomposition,  which  we  shall  see  in 
the  sequel,  and  its  main  difference  from  the  closely  analogous  carbonic 
anhydride. 

In  the  laboratory  carbon  bisulphide  is  prepared  as  follows.  A 
porcelain  tube  is  luted  into  a  furnace  in  an  inclined  position,  the  upper 
extremity  of  the  tube  being  closed  with  a  cork,  and  the  lower  end 
connected  with  a  condenser.     Charcoal  is  then  laid  in  the  tube  and 


heat  is  developed.    If  this  be  the  case,  then  carbon  bisulphide  would  present  a  most 
instructive  example  for  thermochemistry. 

'^  One  cannot  but  here  turn  attention  to  the  fact  that  sulphur  and  charcoal  are  solids 
at  the  ordinary  temperature,  whilst  carbon  bisulphide  is  a  very  volatile  liquid,  and  con- 
sequently, in  the  act  of  combination,  referred  to  the  ordinary  temperature,  there  is,  as 
it  were,  a  passage  into  a  liquid  state,  and  this  requires  the  absorption  of  heat.  And 
furthermore,  the  molecule  of  sulphur  contains  at  least  six  atoms,  and  the  molecule  of 
carbon  in  all  probability  (Chapter  VIII.)  a  very  considerable  number  of  atoms ;  thus  the 
reaction  of  sulphur  on  charcoal  may  be  expressed  in  the  following  manner :  8Cn  +  wSq  « 
SiiCSq— that  is,  from  n  +  8  molecules  there  proceed  3/i  molecules,  and  as  n  must  be  very 
considerable,  Sn  must  be  greater  than  8  4-  tt,  which  indicates  a  decomposition  in  the 
formation  of  carbon  bisulphide,  although  the  reaction  at  first  sight  appears  as  one  of 
combination.  This  decomx)osition  is  seen  also  from  the  volumes  in  the  solid  and  liquid 
KtateH.  Carbon  bisulphide  has  a  sp.  gr.  of  1*29  ;  hence  its  molecular  volume  is  59.  But 
the  volume  of  carbon,  even  in  the  form  of  charcoal,  is  not  more  than  6,  and  the  volume 
of  S.j  is  80 ;  hence  86  volumes  after  combination  give  59  volumes — an  expansion  takes 
place,  as  in  decompositions. 
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Lented  to  a  red  heat,  and  then  pieces  of  salphur  are  placed  in  the  upper 
end.  The  sulphur  melts,  and  its  vapour  comes  Into  contact  with  the 
red-hot  charcoal,  and  combination  takes  place  ;  the  vapours  condense 
in  the  condenser,  because  carbon  bisulphide  is  a  liquid  boiling  at  48°. 
On  a  large  scale  the  apparatus  depicted  in  fig.  90  is  employed.     A 


ca^t-iivin  cylinder  rests  on  a  stand  in  a  furnace.  Wood  charcoal  is 
charged  inUi  the  cylinder  through  the  upper  tube  closed  by  a  clay 
stopper,  whilst  the  sulphur  is  introduced  through  a  tube  reaching  to 
the  bottom  of  the  cylinder.  Pieces  of  sulphur  thrown  into  this  tube 
fall  on  to  the  bottom  of  the  cylinder,  and  are  converted  into  vapour, 
which  passes  through  the  entire  layer  of  charcoal  in  the  cylinder.  The 
vapour  of  carbon  bisulphide  thus  foiined  passes  through  the  exit  tube 
first  into  a  Woulfe's  bottle  (where  the  sulphur  which  has  not  entered 
into   the    reaction    is    condensed),  and    then  Into  a  strongly- cooled 

Pure  carbon  bisulphide  is  a  colourle-ss  liquid,  which  strongly  refracts 
light,  and  has  a  pure  ethereal  smell;  at  0°  its  specilic  gravity  is  r293, 
and  at  15°  1'271.    If  kept  lung  it  seems  to  undei^o  a  change,  especially 

''  It  must  bt  obfiervfld  that  the  liqaafmclioD  of  tha  vapours  of  VArboa  bisulpliide 
require!  >  Terj  low  t^mpBrature,  beuase  its  boiling-point  ia  not  liigh  {*^%  uid  tba 
latent  heat  of  evaporatioa  U  not  great  (about  90°).  With  air  the  rapont  forma  au  ei- 
ploaire  miltnre  which  easil;  taken  fire.  Caiboo  bianlphida,  as  prepured  on  a  large  scale, 
is  generally  very  impure,  uid  conUins  Dot  onljr  Bulphui,  bat,  more  especially,  otlivr  im- 
puiitiea  which  give  it  a  reiydiBagreeable  odour.  The  beat  method  of  purifying  this  mal- 
odoroua  carbon  bisulphide  is  to  shake  it  up  witb  a  certain  nmount  of  mercuric  chloiide, 
or  aveo  simply  with  mercury,  until  the  surface  of  the  metal  ceases  to  turn  black.  After 
this  tlie  carbon  hiiulphide  muat  be  poured  off  and  diatillod  over  a  water  LaUi,  after 
liaritig  miled  it  with  aomo  oil  to  relaiu  the  imporitiea. 
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when  it  is  kept  under  water,  in  which  it  is  insoluble.  It  boils  at  48^, 
and  the  tension  of  its  vapour  is  so  great  that  it  evaporates  very  easily, 
producing  cold,^^  and  therefore  it  has  to  be  kept  in  well-stoppered 
vessels  :  it  is  generally  kept  under  a  layer  of  water,  which  hinders  its 
evaporation  and  does  not  dissolve  it J^ 

Carbon  bisulphide  enters  into  many  combinations,  which  are  fre- 
quently closely  analogous  to  the  compounds  of  carbonic  anhydride.  In 
this  respect  it  is  a  thio-anhydride — i.e.,  it  has  an  acid  character,  like 
carbonic  anhydride,  with  the  difference  that  the  oxygen  of  the  latter  is 
replaced  by  sulphur.  By  thio-compounds  in  general  are  understood 
those  compounds  of  sulphur  which  differ  from  the  compounds  of  oxygen 
as  carbon  bisulphide  does  from  carbonic  anhydride — that  is,  which 
correspond  with  the  oxygen  compounds,  but  with  substitution  of 
sulphur  for  oxygen.  With  the  sulphides  of  the  alkalis  and  alkaline 
earths,  it  forms  saline  substances  corresponding  with  the  carbonates, 
and  these  compounds  may  be  termed  thio- carbonates.  For  example, 
the  composition  of  the  sodium  salt  NajCSs  is  exactly  like  that  of 
sodium  carbonate.  They  are  formed  by  the  direct  solution  of  carbon 
bisulphide  in  aqueous  solutions  of  the  sulphides  ;  but  they  are  difficult 
to  obtain  in  a  crystalline  form,  because  they  are  easily  decomposable. 

''  If  carbon  bisulphide  be  evaporated  under  the  receiver  of  an  air-pump,  or  by  means 
of  a  current  of  air,  it  is  possible  to  obtain  a  temperature  as  low  as  —  60°,  and  the  carbon 
bisulphide  does  not  solidify  at  this  temperature.  However,  if  a  series  of  air-bubbles 
be  passed  through  it  by  means  of  bellows,  there  remains  a  crystalline  white  substance 
which  volatiliHes  below  0°  :  this  is  a  hydrate,  H20,2CS2 ;  it  easily  decomposes  into  water 
and  carbon  bisulphide.  It  is  formed  in  the  above  experiment  by  the  moisture  held  in 
the  air  passed  through  the  carbon  bisulphide,  and  the  fall  of  temperature. 

^^  Strong  alcohol  is  miscible  in  all  proportions  with  carbon  bisulphide,  but  dilute 
alcohol  only  in  a  definite  amount,  owing  to  its  diminished  solubility  from  the  presence  of 
the  water  in  it.  Ether,  hydrocarbons,  fatty  oils,  and  many  other  organic  substances  are 
soluble  with  great  ease  in  carbon  bisulphide.  This  is  taken  advantage  of  in  practice  for 
extracting  the  fatty  oils  from  vegetable  seeds,  such  as  linseed,  &c.  This  is  generally 
done  by  pressing  the  seeds  under  a  press,  but  the  residue  always  contains  a  certain 
amount  of  oil.  These  traces  of  oil  can,  however,  be  removed  by  treatment  with  carbon 
bisulphide.  In  this  manner  a  solution  is  obtained  which  when  heated  easily  parts  with 
all  the  carbon  bisulphide,  leaving  the  non-volatile  fatty  oil  behind,  so  that  the  same 
carbon  bisulphide  may  be  condensed  and  used  over  again  for  the  same  purpose.  It  also 
dissolves  iodine,  bromine,  india-rubber,  sulphur,  and  tars. 

Carbon  bisulphide,  especially  at  high  temperatures,  very  often  acts  with  its  elements 
in  a  manner  in  which  carbon  and  sulphur  alone  are  not  able  to  react,  which  will  be 
understood  from  what  has  been  said  above  respecting  its  endothermal  origin.  If  it  be 
passed  over  red-hot  metals — even  over  copper,  for  instance,  not  to  mention  sodium,  &q, — 
it  forms  a  sulphide  of  the  metal  and  deposits  charcoal,  and  if  the  vapour  be  passed  over 
incandescent  metallic  oxides  it  forms  metallic  sulphides  and  carbonic  anhydride  (and 
sometimes  a  certain  amount  of  sulphurous  anhydride).  Lime  and  similar  oxides  give 
under  these  circumstances  a  carbonate  and  a  sulphide — for  example,  CS2  +  8CaO  =  2CaS 
+  CaCOj.  The  sulphides  obtained  by  this  means  are  often  well  crystallised,  like  those 
found  in  nature—for  example,  lead  and  antimony  sulphides. 
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■When  the  solutions  of  these  salts  are  highly  concentrated  they  begin 
to  decompose,  with  the  evolution  of  sulphuretted  hydrogen  and  the 
formation  of  a  carbonate,  water  taking  part  in  tlie  reaction — for 
example,  K,CSa  +  3HJO=K5C03^-3HsS." 

A  remarkable  example""  of  the  th io-compounds  is  found  in  tkio- 


'*  II  instrad  of  H  lolphlde  we  lakfl  an  alkali  hj^roilde,  then  ■  IhioorboDrnte  it  ftlio 
toriued,  togetliet  irlth  t.  cnlxniate— tha*.  SBaH.,Oj1-SCSi-9BaCB,-fBBCO,+  8H,0. 
Fmtu  llie  instability  ol  the  liuocarbonatea  of  the  alkaline  metala  we  oan  clearly 
are  the  reason  o!  the  difficulty  nrith  which  the  ulta  of  the  heaTier  metala  are  ronned, 
wlicHe  biuic  properties  are  iucamparabl]'  weaker  thaii  thoie  of  the  alkali  metala.  How- 
exei,  these  salts  ma;  be  obtained  br  double  decomposition.  Ammoaiii  in  reacting  ou 
carbon  bisulphide  gives,  besideu  products  like  thoss  formed  by  other  kllutia,  a  whole 
series  of  products  o(  as  complex  a  stmctnre  as  those  substanceB  which  are  produced  bjr 
tlie  action  of  carbonic  anhydride  on  ammonia.  In  lbs  ninth  chapter  we  eiamined  the 
loimation  of  the  ammoniam  carbonates,  and  saw  the  tiaugitiou  from  them  into  the 
cyanides.  It  It  not  surprising  after  this  tlub  tha  action  of  carboo  bisulphide  on 
ammonia  not  only  produces  tbo  above-mentioned  BalU,  bnl  also  omidia  compounds 
corresponding  with  them,  in  which  the  oxygen  h  wholly  ur  partuUy  replaced  by  snlphni. 
Thai  ammonium  thiocarbimide  i*  rery  eaiiil;  obtained  i!  carbon  biintphide  be  added  to 
an  alcohohc  aolutiou  of  ammonia,  and  the  miitore  cooled  in  a  closed  Teiset.  The  salt 
then  sepamMs  oat  in  minute  yellow  crystals,  CNjHgS,. 

Carbon  bisulphide  not  only  forms  compoonds  with  the  metallic  iulpMdes,  but  al«0 
with  sulphuretted  hydrogen — that  is,  it  forma  ihiifearbonie  acid,  HgCSg.  Thia  u 
obtained  by  carefully  miiin);  solotiona  of  thiocarbonatei  wiUi  dilate  hydrochlorio  acid. 
Il  then  separates  in  au  oily  layer,  which  easily  decomposes  in  the  presence  of  water  into 
•nlpharetted  hydrogen  and  carbon  bisatphide,  juBt  aa  the  corresponding  carbonic  acid 
(hydrate)  decomposes  into  water  and  carbonic  anhydride.  Carbon  bisulphide  combines 
not  only  with  sodium  sulphide,  but  also  with  the  bisulphide  Na,9],  not,  howcTer.  witb 
the  triiulphida  Na,S,. 

The  relation  of  carbon  bisulphide  to  the  other  carbon  compoands  presents  many 
most  interesting  features,  which  are  considered  in  organic  chemistry.  Wa  will  here 
only  turn  our  attention  to  one  of  the  compounds  of  this  class.  Ethyl  solphide.  (C]Bi),S, 
combines  with  ethyl  iodide.  CjHjI,  forming  a  new  molecnle,  SICjHi)]!.  If  we  derignale 
the  hydrocarbon  group,  for  instance,  ethyl,  C^H^  by  Et,  then  the  reaction  ireuH  be 
expressed  by  the  following  equation:  Et,S  +  EtI^SEt;|I.  This  componnd  is  of  a  Mline 
character,  corresponds  with  salts  of  the  alkalis,  and  is  closely  analogous  to  ammoninm 
chloride.  It  is  soluble  in  water;  when  heatctt,  again  splits  Dp  Into  its  componentt 
Et!  and  Et,S,  and  with  silver  hydroxide  gives  a  hydroxide,  Et,3-OH,  having  the 
property  of  a  distinct  and  energetic  alkali,  resembliug  caustic  ammonia.  Thus  the 
compound  group  SEtj  combines,  like  potassium  or  ataraonium,  with  iodine,  hydroiyl, 
ohhirino,  ftc.  The  hydroiide  SEtj-OH  is  soluble  in  water,  precipitates  metallic  salts, 
saturates  acids.  Sia.  Hence  sulphur  here  eulen  into  a  relation  towards  other  elfments 
simihir  lo  that  of  nitrogen  in  ammonia  snd  ammoninm  salts,  with  only  thia  difference 
that  nitrogen  retains,  hesideB  iodine,  hydroiyl,  buiI  other  gronps,  also  H,  or  Et,  (tor 
eiunple,  NII,CI,  N'Et,HI.  NEt.t),  whilst  salphur  only  retains  Etj.  The  disLinctly 
alkaline  properties  of  the  hydroxide,  triethylsnlphine  hydniide,  SEtjOU.  and  also 
the  abarply-de lined  properties  o!  the  corresponding  hydroxide,  tetntetbylamnioninm 
hydroxide,  NEt,OH,  depend  natnrally  not  only  on  the  properties  ol  the  nitrogen  and 
•ulphnr  sntering  into  tlieir  composition,  but  also  on  the  large  proportion  ol  bydrocarbon 
group*  they  contain.  Judging  from  the  existence  of  the  ethytsnlphine  compounds,  it 
might  be  imagined  that  sulphur  forms  a  compound,  SH,,  with  hydrogen ;  but  no  luch 
Gompoand  is  known,  jnst  as  NHj  is  onknown,  altboaxb  NH,CI  eiL>tB, 

~  *  Thorpe  and  Bodger  (1S8B),  by  healing  a  nuitare  ol  lead  fluoride  and  phosphnru 
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cyanic  acid — Le.  cyanic  acid  in  which  the  oxygen  is  replaced  by  solphnfy 
HCNS.  We  know  (Chapter  IX.)  that  with  oxygen  tlie  cyanides  of  the 
alkaline  metals  RON  give  cyanates  RCNO ;  but  they  also  combine 
with  sulphur,  and  therefore  if  yellow  prussiate  of  potash  be  treated  as 
in  the  preparation  of  potassium  cyanide,  and  sulphur  be  added  to 
the  mass,  then  potassium  thiocyanate,  KNCS,  is  obtained  in  solution. 
This  salt  is  much  more  stable  than  potassium  cyanate ;  it  dissolves 
without  change  in  water  and  alcohol,  forming  colourless  solutions  from 
which  it  easily  crystallises  on  evaporation.  It  may  be  kept  exposed  to 
air  even  when  in  solution  ;  in  dissolving  in  water  it  absorbs  a  con- 
siderable amount  of  heat,  and  forms  a  starting-point  for  the  preparation 
of  all  the  thiocyanates,  RONS,  and  organic  compounds  in  which  the 
metals  are  replaced  by  hydrocarbon  groups.  Such,  for  example,  is 
volatile  mustard  oil,  C3H5CSN  (allyl  thiocyanate),  which  gives  to 
mustard  its  caustic  properties.  With  ferric  salts  the  thiocyanates  give 
an  exceedingly  brilliant  red  coloration,  which  may  serve  for  the  dis- 
covery of  the  smallest  traces  of  ferric  salts  in  solution.  Thiocyanic 
acid,  HCNS,  may  be  obtained  by  a  method  of  double  decomposition,  by 
distilling  potassium  thiocyanate  with  dilute  sulphuric  acid.  It  is  a 
volatile  colourless  liquid,  having  a  smell  recalling  that  of  vinegar ;  it 
solidifies  at  12°,  is  soluble  in  water,  and  may  be  kept  in  solution  with- 
out change  for  a  long  time.^* 

pentasulphide  to  250^  in  an  atmosphere  o!  dry  nitrogen,  obtained  gaseous  pho9phoru4 
finosulphidey  or  thiophosphoryl  fluoride^  PSF5,  corresponding  with  POCI3.  This 
colourless  gas  is  converted  inu>  a  colourless  liquid  by  a  pressure  of  eleTen  atmosphei«s ; 
it  does  not  act  on  dry  mercury,  and  takes  fire  spontaneously  in  air  or  oxygen,  forming 
phosphorus  i)entafluoride,  phosphoric  anhydride,  and  sulphurous  anhydride.  It  is 
soluble  in  ether,  but  is  decomposed  by  water :  PSF5 + ^H^O  =  H-^S  +  H3PO4  +  8HF  {tupra^ 
p.  206,  Note  20). 

7^  If  a  given  compound  contain  more  than  one  atom  of  oxygen,  it  may  be  successively 
replaced  by  sulphur.  The  best  example  of  this  is  seen  in  the  compound  COS,  in  which 
half  of  the  oxygen  in  carbonic  anhydride  is  replaced  by  sulphur.  This  substance  should 
be  called  carbon  oxyaulphidej  or  monothiocarbonic  anhydride.  This  substance  was 
obtained  by  Than,  and  is  formed  in  many  reactions.  A  certain  amount  is  obtained  if  a 
mixture  of  carbonic  oxide  and  the  vapour  of  sulphur  be  passed  through  a  red-hot  tube. 
When  carbon  tetrachloride  is  heated  with  sulphurous  anhydride,  this  substuice  is  also 
formed ;  but  it  is  best  obtained  in  a  pure  form  by  decomposing  potassium  thiocyanate 
with  a  mixture  of  equal  volumes  of  water  and  sulphuric  acid.  A  gas  is  then  evolved 
containing  a  certain  amount  of  hydrocyanic  acid,  from  which  it  may  be  freed  by  passing 
it  over  wool  containing  moistened  mercuric  oxide,  which  retains  the  hydrocyanic  acid. 
It  is  also  formed  by  passing  the  vapour  of  carbon  bisulphide  over  alumina  or  clay 
heated  to  redness  (Oautier ;  silicon  sulphide  is  then  formed).  The  pure  gas  has  aa 
aromatic  odour,  is  soluble  in  an  equal  volume  of  water,  which,  however,  acts  on  it,  so 
that  it  must  be  collected  over  mercury.  Its  formation  is  expressed  by  the  equation : 
2KCNS  +  2H20  +  2H2S04=K2S04  +  (NH4)2S04  +  2COS.  When  slighUy  heated,  carbon 
oxysulphide  decomposes  into  sulphur  and  carbonic  oxide.  It  bums  in  air  with  a  pale 
blue  flame,  explodes  with  oxygen,  and  yields  potassium  sulphide  and  carbonate  with 
potassium  hydroxide :  COS  +  IKHO  «  EgCOs + K3S  +  iSaO, 
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The  sulphur  compounds  of  chlorine  may  he  regarded  on  the  one 
hand  as  products  of  the  metalepsis  of  the  sulphides  of  hydrogen, 
CljS  and  CI^S,  like  HjS  and  H^Sj  ;  and  on  tlie  other  hand  of  the 
oxygen  eompounds  of  chlorine,  because  chloride  of  sulphur,  CljS,  like 
chlorine  oxide,  CljO,  and  Cl^S.^  correspond  with  the  higher  oxide  of 
chlorine ;  or  thirdly,  we  may  Bee  in  these  compounds  the  type  of  the 
acid  chloran hydrides,  because  they  are  all  decomposed  by  water,  form- 
ing hydrochloric  acid,  and  sulphur  tetrachloride,  SC1|,  is  decomposed, 
with  the  formation  of  sulphurous  anhydride.'^ 

The  compounds  of  sulphur  with  chlorine  are  prepared  in  the 
apparatus  depicted  in  fig.  91.  As  sulphur  chloride  ia  decomposed  by 
water,  the  chlorine  evolved  in  the  flask  C  must  be  dried  hefoi-e  coming 


into  contact  with  the  sulphur.  It  is  therefore  first  passed  througli  a 
Woulfe's  bottle,  B,  containing  sulphuric  acid,  and  then  through  the 
cylinder  D  containing  pumice  stoue  moistened  with  sulphuric  acid,  and 


"  There  is  no  teBSon  for  seeing  mj  contiivlictii 
three  viewi,  becaaw  etery  winlojty  ii  more  or  lei 
Tll^^  for  imtsnoe,  il  cannot  be  eipecled  lhii(  the  p 
flnlphidfl  wotild  t««fiiByH  the  Hame  prodacta 


n  or  mutual  inooni}ntibiHt;  in  these 
I  modified  b;  k  ohange  of  elements, 
odnet  of  the  metiilepsis  ol  hydrogen 
finding  with  vater  in  all  respeota, 


beoBQH  water  hns  not  the  acid  properties  of  hydrogen  sulphide.  In  t1 
and  electrical  poUiitj,  it  was  sappoud  that  the  siilphiuvsried  in  its  nature:  in  hydrogen 
sulphide  or  potusinm  sulphide  it  was  nmsidered  to  be  negativo,  and  in  sulphurou* 
anhydride  or  salphnr  dichloride  positive.  It  then  appeared  eviduat  Uiat  solphnr 
dichloride  would  hare  no  point  of  analogy  with  potassium  eulphido.  But  metalepBs,  or 
its  eipreuiou  tn  the  law  of  snbstitatiuiig,  necessitates  such  opinions  being  laid  asid*. 
II  we  can  asatmilate  C0^CH4,CCl„CHCls,CHs<0H)  to  each  other,  we  cannot  reaognlis 
auj  diflsrenoa  in  the  inlphni  in  3H|,  SCI*,  8Ki,  or  8Xg,  lor  otherwiM  we  should  bftva 


256  PRINCIPLES  OF  CHEMISTRY 

then  led  into  the  retort  E,  in  which  the  sulphur  is  heated.  The  com- 
pound which  is  formed  distils  over  into  the  receiver,  R.  A  eertain 
amount  of  sulphur  passes  over  with  the  sulphur  chloride,  but  if  the 
resultant  distillate  be  re-saturated  with  chlorine  and  distilled  no  free 
sulphur  remains,  the  boiling-point  rises  to  140^  and  pure  sulphur 
chloride,  S^Clj,  is  obtained.  It  has  this  formida  because  its  vapour 
density  referred  to  hydrogen  is  68.  It  is  also  obtained  by  heating 
certain  metallic  chlorides  (stannous,  mercuric)  with  sulphur  ;  both  the 
metal  and  chlorine  then  combine  with  the  sulphur.  Sulphur  chloride 
is  a  yellowish- brown  liquid,  which  boils  at  144°,  and  has  a  specific  gra- 
Wty  of  1  -70  at  0°.  It  fumes  strongly  in  the  air,  reacting  on  the  moisture 
contained  therein,  and  has  a  heavy  chloranhydrous  odour.  It  dissolves 
sulphur,  is  miscible  with  carbon  bisulphide,  and  falls  to  the  bottom  of 
a  vessel  containing  water,  by  which  it  is  decomposed,  forming  sulphurous 
anhydride  and  hydrochloric  acid  ;  but  it  first  forms  various  lower 
stages  of  oxidation  of  sulphur,  because  the  addition  of  silver  nitrate  to 

to  acknowledge  as  many  different  states  of  sulphur,  carbon,  or  hydrogen  as  there  are 
compouuds  of  sulphur,  or  carbon,  or  hydrogen.  The  essential  point  of  the  matter  is 
that  all  the  elements  in  a  molecule  play  their  part  in  the  reactions  into  which  it  enters. 
Ottf^n  this  appears  to  be  contradicted  in  the  result^for  example,  hydrogen  alone  may 
be  replaced ;  but  it  is  not  this  hydrogen  alone  that  has  determined  the  reaction,  but  all 
the  elements  which  participated  in  the  reaction.  This  may  be  made  clearer  by  the 
following  rough  illustration.  Supposing  two  regiments  of  soldiers  were  fighting  against 
each  other,  and  that  several  men  were  lost  by  one  of  the  regiments ;  no  one  could  say  that 
it  was  only  these  men  who  took  part  in  the  engagement.  The  other  men  fired  and  the 
bullets  flew  over  the  heads  of  others.  It  was  not  only  those  who  fell  who  fought, 
although  they  only  were  removed  from  the  engagement,  for  the  fighting  proceeded 
among  the  masses  and  only  a  few  were  disabled,  because  they  went  forward  and  were 
more  remarked,  &c.,  but  not  because  the  remainder  did  not  participate  in  the  matter ; 
for  thene  acted,  they  were  an  object,  they  fought,  only  they  remained  whole  and  were 
not  killed.  Hydrogen  is  lighter  and  its  atoms  more  mobile;  it  subjects  itself  more 
frequently  and  easily  to  reactions ;  but  it  is  not  it  alone  which  reacts,  it  is  even  less 
capable  of  this  than  other  elements.  It  participates  in  exceedingly  diverse  reactions, 
naturally  not  because  the  hydrogen  itself  varies,  but  because  one  atom  of  it  puts  itself 
forward,  another  ia  hidden,  one  is  united  with  carbon,  another  feebly  held  by  sulphur, 
one  Htanda  or  moves  near  oxygen,  or  another  unites  with  a  hydrocarbon.  All  hydrogen 
atoms  are  equal,  and  equally  serve  as  an  object  for  the  atoms  of  molecules  encountering 
it,  but  those  are  removed  from  the  field  of  battle  which  are  nearer  the  surface  of  a 
molecule,  which  are  more  mobile,  and  held  by  a  less  sum  of  forces.  So  also  sulphur  is 
one  and  the  same  in  sulphur  dichloride,  in  sulx)hurous  or  sulphuric  anhydride,  in 
hydrogen  sulphide,  in  potassium  sulphide,  but  it  reacts  differently,  and  those  elements 
which  are  with  it  also  vary  in  their  reactions  because  they  are  with  it,  and  it  varies  its 
reactions  because  it  is  with  tliem.  It  is  possible  to  seize  on  a  character  common  to 
substances  quantitatively  and  qualitatively  analogous  to  each  other.  It  may  bo  seen 
that  an  element  in  certain  forms  is  not  able  to  enter  into  reactions  into  which  in  other 
forms  it  enters  willingly,  if  only  the  requisite  conditions  are  encountered ;  but  it  cannot 
be  thought  that  an  element  would  clionge  its  tone  in  different  cases.  The  preceding 
reniai'ks  touch  on  questions  which  are  subject  to  much  argument  among  chemists,  and 
I  hero  mention  them  in  order  to  show  the  treatment  of  those  most  important  problems 
of  chemistry  which  lie  at  the  basis  of  this  treatise. 


--  --^ 
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til e  solution  gKea  a.  black  precipitate.    With  hydrogen  sulphide  it  gives 

sulphur  and  hydrochloric  acid,  and  it  reaets  directly  with  metals— 
especially  arsenic,  antimony,  and  tin — forming  sulphides  and  chlorides. 
In  the  cold,  it  absorbs  chlorine  and  gives  sulphur  dichtoride,  SClj.  The 
entire  conversion  into  this  substance  requires  the  prolonged  passage  of 
dry  chlorine  through  Bulphur  chloride  surrounded  by  a  freezing  mixture. 
Ttie  distillation  of  the  dichlOride  must  be  conducted  in  a  stream  of 
chlorine,  as  otherwise  it  partially  splits  up  into  sulphur  chloride  and 
chlorine^  Pure  sulphur  dichloride  is  a  reddish -brown  liquid,  which 
resembles  the  lower  chloride  in  many  respects  ;  its  specific  gravity  is 
1-62  :  its  odour  is  more  suffocating  than  that  of  sulphur  chloride ;  it 
volatiliseB  at  64°.'^ 

Tliiunyf  fhloi-iik,  SOClj,  is,  as  it  were,  oxidised  sulphur  dichloride  ; 
it  corresponds  witli  sulphur  chloride,  SjCl  j,  in  which  one  atom  of  sulphur 
is  replaced  by  oxygen.  At  the  same  time  it  is  chlorine  oxide  (hypo- 
chlorous  anhydride,  Cl^O)  combined  with  sulphur,  and  also  the  chlor- 
anhydride  of  sulphurous  acid— that  is,  SO(HO)j— in  which  the  two 
hydroxyl -groups  are  replaced  by  two  atoms  of  chlorine,  or  sulphurous 
anhydride,  SO.j,  in  which  one  atom  of  oxygen  is  replaced  by  two  atoms  of 
chlorine.  All  these  representations  are  confirmed  by  reactions  of  forma- 
tion or  decomposition,  they  all  agree  with  our  notions  of  the  other  com- 
pounds of  sulphur,  oxygen,  and  chlorine ;  hence  these  deilnitious  are  not 
contradictory  tn  each  other.  Thus,  for  instance,  thionyl  chloride  was 
first  obtained  by  Schiff,  by  the  action  of  dry  sulphurous  anhydride 
on  phosphorus  i-entachloride.  On  distilling  the  resultant  liquid  tirst 
thionyl  chloride  comes  over  at  80°,  and  then  on  continuing  the  distilla- 
tion phosphorus  oxychloride  distils  o%-er  at  above  100°,    PClj-l-SO, 

"  The  ol)Mn'«1  vipoor  lietisitj  o(  aulphnr  dichloride  refemjd  to  hydrogen  is  SB'S, 
iind  Uial  Kireu  by  tht  lonnala  is  SI'S.  Tbe  Htnallei  uoleculAr  weight  eipUini  iLi  boiling 
point  beiiiK  lower  than  tliat  of  sulphur  ehloride,  S,Cl,.  Tiie  reutiona  ol  both  thee* 
componnd*  are  terj  aimiliir.  Sulphur  oonrerts  tbe  diohloride,  SCI,,  into  the  mono- 
clilorid*,  StCli.  In  one  paint  the  dieh'oiide  differs  diitinetly  from  Iha  monochloHde — 
thftl  iB,ia  its  c*pai!ily  for  euily  giring  up  chlorine  and  dwompMicg.  Eien  li^t  de- 
compotM  It,  with  the  erolaUon  of  chlorinfl  and  the  monocliluride.  Hence  it  ut*  on 
tntny  iDbetancea  in  the  uune  uunnec  as  ohtoriue,  or  siibitmicee  irhicli  eaiily  part  Kith 
tba  latter,  mch  as  phosphoric  or  anliaioaia  chloride.  In  diitinetioD  to  Uieu.  however, 
■alphar  diehloride  opiXMr*  lu  rliatil  irithaut  any  canii  jeruble  deeoinposition,  ai  niay  be 
Judged  by  the  vapour  density.  HoveTer,  this  is  not  the  i  D49.  II  there  be  a  decmopoit- 
tiOD,  llMD  9tU;ii-  S,CL  +  CLj.  ttae  density  of  sulphur  chlorJda =6T-fi,  and  of  chlorine==  BS'G ; 
oonnqnetitly  a  miitare  of  eqiud  rolomes  of  the  two  ^EI'j,  jnst  liie  (sme  u  an  equal 
valtmie  of  inlpliar  dictaloridf.  TknTefan  Ihe  dittillaliun  of  »aiphv.r  iHahloridt  it 
fniablil  nothing  but  iU  ieeompoiilwii.  Hence,  the  campoond  l^Clg,  which  ii  itible 
•t  the  ordintry  lenipcralntD,  decompoeee  at  Ut^.  In  the  cold  it  ubiorbi  a  larl\i~t 
unonnl  of  chlarine  in  the  proportion  BClj,  hut  even  at  -  10=^  a  portion  ol  the  absorbed 
chloiiiiD  is  giren  off— that  is,  diawcialioo  takes  place.  The  tetrachloride  is  oven  less 
MiU>te  than  the  dichloride. 

VOL.    II.  a 
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SSPOCI3  +  S0C1.2.  Wiirtz  obtained  the  same  substance  bypassing  a 
stream  of  chlorine  oxide  through  a  cold  solution  of  sulphur  in  sulphur 
chloride  ;  the  chlorine  oxide  then  combined  directly  with  the  sulphur, 
S  +  Cl,0=S0Cl3,  whilst  the  sulphur  chloride  remained  unchanged 
(sulphur  cannot  be  combined  directly  with  chlorine  oxide,  as  an  explo- 
sion takes  place).  Thionyl  chloride  is  a  colourless  liquid,  having  a 
suffocating  acrid  smell ;  its  specific  gravity  is  1  -675  at  0°,  it  boils  at  78®, 
it  falls  to  the  bottom  of  a  vessel  containing  water,  by  which  it  is  imme- 
diately decomposed,  like  all  chloranhyd rides — for  example,  like  carbonyl 
chloride,  which  corresponds  with  it :  SOCl2  4-H50=S02  +  2HCl. 

Normal  sulphuric  acid  h<is  tvx)  corresponding  chlornnhydrides  ;  the 
first,  S02(0H)C1,  is  sulphuric  acid,  S02(HO)2,  in  which  one  equivalent 
of  HO  is  replaced  by  chlorine  ;  the  second  has  the  composition  SOjCTl^ — 
that  Ls,  two   HO   groups  are  substituted  by  two  of  chlorine.     The 
second  chloranhydride,  or  the  compound  SOjCU,  is  called  sulphuryl 
chloride,  and  the  first  chloranhydride,  SO2HOCI,  may  be  called  chloro- 
sulphonic  acid,  because  it  is  really  an  acid  ;  it  still  retains  one  hydroxyl 
of  sulphuric  acid,  and  its  corresponding  salts  are  known.     Thus,  potas- 
sium chloride  absorbs  the  vapour  of  sulphuric  anhydride,  forming  a 
salt  SO3KCI,  corresponding  with  SO3HCI  as  acid.    In  acting  on  sodium 
chloride  it  forms  hydrochloric  acid  and  the  salt  NaSOjCl.     This  first 
chloranhydride  of  sulphuric  acid,  SO2HOCI,  discovered  by  Williamson, 
is  obtained  either  by  the  action  of  phosphorus  pentachloride  on  sulphuric 
acid  (PCI.,  +  H2S04=POCl3  +  HCl  4-  HSO3CI),  or  directly  by  the  action 
of  dry  hydrochloric  acid  on  sulphuric  anhydride,  S03-f  HClasHSOjCl. 
Tlie  most  easy  and  rapid  method  of  its  formation  is  by  the  direct  satu- 
ration of  cold  Nordhausen  acid  with  dry  hydrochloric  acid  gas,  and  the 
distillation  of  the  resultant  solution  ;  HSO3CI  is  then  contained  in  the 
distillate.     It  is  a  colourless  fuming  liquid,  having  an  acrid  odour  ;  it 
boils  at  153°  (according  to  my  determination,  confirmed  by  Konovaloff), 
and  its  specific  gravity  at  19°  is  1-776.     It  is  immediately  decomposed 
by  water,  forming  hydrochloric  and  sulphuric  acids,  as  should  be  the 
case  with  a  true  chloranhydride.     In  the  reactions  of  this  chloranhy- 
dride we  find  the  easiest  means  of  introducing  the  sulphonic  group  (the 
radicle  of   sulphuric  and   sulphurous  acids),  HSO3,  into  other   com- 
pounds, because  it  is  here  combined  with  chlorine.     The  second  chlor- 
anhydride of  sulphuric  acid,  or  sulphuryl  chloride,  SOjClj,  was  obtained 
by  Regnault  by  the  direct  action  of  the  sun's  rays  on  a  mixture  of 
equal  volumes  of  chlorine  and  sulphurous  oxide.     The  gases  gradually 
condense  into  a  liquid,  combining  together  as  carbonic  oxide  does  with 
chlorine.     It  is  also  obtained  when  a  mixture  of  the  two  gases  in  acetic 
acid  is  allowed  to  remain  for  some  time.     The  first  chloranhydride, 
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SOjHCl,  decomposes  when  lieated  at  200'  in  a  dosed  tube  into  sul- 
phuric a.ci(l  ftnd  sulphuryl  cliloride.  It  resembles  the  two  above- 
described  chloraiihyd rides  in  its  properties  ;  boils  at  70°,  its  specific 
(,Tav-ity  is  1'70  ;  it  gives  hydrochloric  and  sulpliurie  acida  with  water, 
fumes  in  the  air,  and,  judging  by  its  vapour  density,  it  does  not  de- 
compose when  distilled.^' 

™  Pyrosulphuryl  chloride,  SjOjCI,.     Sae  Xote  li, 

Tbe  ncida  of  snlpbor  naCarally  hare  their  carreB[>niic];ng  aaunomani  suits,  aid  the 
Ikttct  their  unideB  and  nitriles.  It  nil!  be  readllj  undereCood  bow  vast  k  field  tar  i«- 
Hearch  U  preaented  by  the  series  ol  compounds  ol  enlphui  mid  nitrogen,  i(  we  only  lo- 
membar  that  to  csrbDnic  and  formic  acids  Ihere  cDrree]iODd>i,  as  vre  ww  (Cliap.  IX,),  ■ 
vart  soties  ol  darivaliTei  corresponding  with  Iheir  ammcininni  tolls.  To  iiulphiiric  acid 
there  correepood  two  ammonimn  salt),  S0,!H.0)(NH,O)  and  SO-j(NH,0),;  thres 
amides:  the  acid  amide  SO,(HO)<NH,),  or  SDlphiiaic  acid,  the  normal  saline  oomponnd 
HO.j<NH,Ol(NH.,),  av  ammomimi  eulpbamate,  and  the  normal  amide  80,|NHj)v,  or  sal- 
phamide  (the  aoaloguo  of  nisa);  thm  the  acid  nitrile,  SOM(HO),  and  two  neutral 
nitrilei,  SON(MHjt  and  SK^  There  are  simiUr  compoauds  coneHponding  wit'i  lul- 
phnroDi  acid,  and  therefore  its  nitriles  will  be,  an  acid,  SN{HO),  its  salt,  and  t^c  normal 
componH),  SNI^H.,).  Dithionic  Anil  the  other  ncida  of  sulphur  should  alaa  hare  Uieir 
eomtponding  amides  and  nitrtles.  Only  a  few  eiamplea  are  known,  which  we  will 
hriefly  deactiba.  Snlphurio  acid  lorms  salts  of  very  great  siahility  with  ammonia, 
and  anunonium  sulphate  ia  one  of  the  commonest  aniinoniiioal  compounds.  It  is 
obtained  by  the  direct  action  of  ammonia  on  anlphuric  aoid,  or  by  the  action  of  the 
latter  on  ammonium  carboUHte ;  it  separatsa  from  its  aolations  in  an  anhydrous  state, 
like  potassium  sulphate,  with  which  it  is  iootaorphous.  Hence,  the  Domporition  ot 
crystals  of  ammonium  sujpliiite  is  (NH.),jSO,,  Thia  salt  fases  at  140",  and  does  not 
undergo  any  ubange  when  bested  up  to  imV.  At  higher  temperatures  it  parts  with  (not 
water  bat)  hsU  ita  ammonia,  and  is  converted  into  the  odd  salt,  HKH,80j  ;  and  this 
acid  salt,  on  further  heating,  undergoes  a  further  decompoitition,  and  splits  up  into 
nitrogen,  water,  and  acid  ammoninm  sulphite,  HMH^SO.^.  At  the  ordinary  temperature 
the  normal  salt  is  eolnble  in  twice  its  weight  ot  walur  and  at  the  hoiling-pointof  water  in 
an  equal  weight.  In  its  faculty  lor  combinations  tliia  salt  exhibits  a  great  resemblance 
to  potassium  sulphate,  and.  like  it,  easily  forms  a  number  of  double  salts ;  the  most 
remarkable  of  which  are  the  lunmnnia  aloms,  NH,AlS9Oj,laH,0,  and  Che  double  lalta 
formed  by  the  metals  of  the  magnesium  group,  having,  for  eiamplc.  the  composition 
[SH,),Mg3.jO,,aH,iO.  Ammonium  sulphate  does  not  give  an  amide  when  heated,  perhapa 
nwing  to  the  faculty  of  sulphuric  anhydride  to  retain  the  water  combined  with  it  with 
great  force.  Bat  the  amides  of  snlphurio  aoid  may  bo  very  oonvonieutly  prepared  from 
sulphuric  anhydride.  Their  [ormatiDn  by  this  method  is  very  easily  underatood,  becaaw 
an  anida  is  equal  to  an  ammonium  salt  less  water,  and  il  the  anhydride  be  token  it  will 
n  amide  directly  with  ammonia.  Thns,  11  dry  ammonia  be  poaaed  into  a  vessal 
ulsd  by  a  freeiiog  miiture  and  eontuning  aulphuric  anhydride,  it  (urnii  a  white 
_  taring  the  composition  80j,aHjN  and  rBsomhling  the  like  compound  ot  oarbonio 
'-iMfliCOt,aNH:i.  It  is  slowly  acted  on  by  water,  and  may  therefore  be  ohljuned  in  solu- 
tion, in  which  it  slowly  reacts  with  barium  ehloride,  which  proves  that  witli  water  it  still 
forma  ammoniiira  sulphHtB.  This  snbstance  is  naturally  an  ammonium  salt  of  «ulph- 
amic  acid,  90.,(NH,0)S'U~.  By  treatment  with  water  this  substance  a',  find  gives  a 
special  deliquescent  ammonium  salt,  containbg  H^,fl(S0„2NH,),  and  then  a  normal 
ammoninra  salt.  The  compound  SO],97JHs  is  known  as  rulphalatnrmtn.  When  freaUy 
prepared  it  is  powdery ;  it  does  not  give  a  precipitate  with  calcium  chloride,  but  a  pre- 
oipilate  is  obtained,  although  not  a  complete  one,  nith  barium  chloride.  If  this  eubstance 
be  earetuUy  diasolved  in  water  and  evaporated,  it  yields  well-tormsd  crystals,  whoae 
•alntioB  no  longer  gives  a  precipitate  with  barium  chloride.     This  is  not  due  lo  the  pre- 
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In  the  group  of  the  halogens  we  saw  f our  closelv  analogonR  elements 

--fluorine,  chlorine,   bromine,  and  iodine — and  we  meet  with  a  like 

number  of  closely-allied  analogues  in  the  oxygen  group,  because  besides 

sulphur  this  group  also  includes  selenium  and  tellurium  :  O,  S,  Se,  Te. 

eence  of  imparities^  bdt  to  a  change  in  the  n&ttire  of  the  substance,  and  th«efot«  Boce 
calls  the  cry^italline  modification  paras-ilphatan.mon.  Platinum  chloride  onlj  fveci- 
pitates  half  the  nitrogen  as  platino^hloride  from  relations  of  j^ulf  hat-  and  parasnlphat- 
ammon.  which  shows  that  they  are  ammonittm  salts,  SO>  NH^O^  NH^).  It  nxMj  be  that 
the  rea3r>n  of  the  difference  in  the  two  modifications  is  connected  With  the  fact  that  two 
different  substances  of  the  composition  X^H^SO,;  are  pof sible :  one  is  the  amide 
SO^'NHj'j  correftp ending  with  the  normal  salt,  and  the  other  is  the  salt  of  the nitlile add 
corresponding  with  acid  ammonium  '«^lnhate — 'hat  is,  SOXjOKH^)  colrespo&dB  With  the 
acid  SONiOH»  =  SO..,<N'IliO)OH-2H.iO.  That  is,  there  may  here  be  a  dilTexence  of  the 
same  nature  as  between  urea  and  ammonium  cyanate.  For  the  present,  the  isomerism 
indicated  alcove  has  been  bnt  little  investigated,  and  might  be  the  sabject  of  interesting 
researche?*. 

If  in  the  preceding  experiment  the  ammonia,  and  not  the  snlphuric  anhydride,  be 
taken  in  excess,  then  a  solnble  substance  of  the  composition  2S03,3NH3  is  formed.  This 
compound,  obtained  by  Jacqueline  and  investigated  by  Voronin,  doubtless  also  contains 
a  salt  of  sulphamic  acid — that  is,  of  the  emide  corresponding  with  the  acid  ammoniom 
Kulphate  =  HXH|S04-Iip  =  i\H./(^0.»'0H).  Probably  it  is  a  compound  of  snlphat- 
ammon  with  sulphamic  acid.  Thus  it  has  an  acid  reaction,  and  does  not  give  a  preci- 
pitate with  barium  chloride. 

With  nolrmal  sulphal*?  of  ammoninm,  an  amide  of  the  composition  N2H48O5  should 
correspond,  which  should  bear  the  same  relation  to  sulphuric  acid  as  urea  bears  to  car- 
Ixjnic  acid.  Tliis  amide,  known  as  aulphamuh,  is  obtained  by  the  action  of  dry  ammonia 
en  the  Hulphuryl  chloride,  SO^Clj,  which  we  became  acquainted  with  above,  just  as 
iirfii  is  obtained  by  the  action  of  ammonia  on  carbonyl  chloride,  S02Cl2  +  "*^H3 
==N'^H,HO^  +  *2NH|Cl.  The  ammonium  chloride  is  separated  from  the  resultant  sulph- 
amide  with  i^Tfut  difficulty.  Cold  water,  acting  on  the  mixture,  dissolves  them  both; 
the  cold  wjliitioh  drx^w  not  give  a  precipitate  with  barium  chloride.  AlkaHs  act  on  it  slowly, 
an  they  rlo  on  Uffa;  but  on  l)oiliug,  especially  in  the  presence  of  alkalis  or  acids,  it  easily 
10-conihinc'H  with  water,  and  gives  an  ammonium  salt.  The  action  of  sulphuryl  chloride 
(and  of  tin;  other  chloranhydrides  of  sulphur)  on  ammonium  carbonate  always,  as  Mente 
showe  1    IMHH  ,  n'Hults  in  the  formation  of  the  salt  XH'SOjXH^}.^. 

Tiitr  nitril<*>»  corresponding  with  sulphuric  acid  are  not  as  yet  known  with  any  cer- 
tainty. The  most  simple  nitrile  corre>iwmding  with  sulj^huric  acid  should  have  the 
comiK>sitic»n  N..H.,S04  — 4H,>0  =  N.2S.  This  would  be  a  kind  of  cyanogen  corresponding 
with  sulphuric  acid.  On  comparing  sulphurous  acid  with  carbonic  acid,  we  saw  that  they 
l»rcsent  a  pnat  analogy  in  many  res^wct-*,  and  therefore  one  would  expect  to  also  find 
otlier  uitrih*  cojnjf  unds  corn*sponding  to  the  cyanogen  compounds  already  known  to  us, 
and  thercf<»n;  I'jiviiig  th-  composition  XHS  and  X^S,..  The  latter  of  these  compounds  is 
well  known,  i  nd  was  ohlained  by  Soubeiron,  by  the  action  of  drj-  ammonia  on  sulphur 
chloride.  This  substance  correnj  onds  with  cyanogen  (paracvanogen),  and  is  known  as 
nitrogen  nnljihiilr,  X,,S.,.  It  is  formed  according  to  the  equation  3SCL-I-8NH5 
=  X^S.i-r-S-f  r.XH,Cl.  The  free  sulphur  and  nitrogen  sulj  hide  are  dissolved  by  acting 
on  the  product  with  carbon  bisulphide,  the  nitro;:en  sulphide  being  much  less  soluble  than 
the  su!i)hur.  Il  i  >  a  yellow,  almost  odourless  substance,  which  is  excessively  irritating 
to  the  eyes  and  nostrils.  It  explodes  when  nibbed  with  a  hard  substance,  being  natu- 
rally decomposed  with  the  evolution  of  nitrogen  ;  but  when  heated  it  fuses  without  de- 
composinjj,  and  only  decomposes  with  explosion  at  157"'.  It  is  insoluble  in  water  and  only 
slightly  so  in  alcohol,  ether,  and  carbi^n  bisul|)hide;  100  parts  of  the  latter  dissolve  Vs 
parts  of  nitrogen  sulphide  at  the  boiling  point.  This  solution  on  cooling  deposits  it  in 
minute  transparent  prisms  of  a  golden  yellow  colour. 
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These  two  groups  are  very  closeiy  allied,  1>oth  in  respect  to  the  mng- 
nitutle»  of  their  aloniic  weights,  and  also  iu  the  fuoulty  of  the  elements 
of  both  groups  fur  combining  with  metals.  The  distinct  anatugy  and 
definite  degree  of  variance  known  to  ua  for  the  hulogens,  also  repeat 
themselves  in  the  same  degree  for  the  elements  of  the  oxygen  group. 
Thus  the  halogens  combine  with  H,  and  the  elements  of  the  oxygen 
group  with  H„  forming  HjO,  HjS,  IljSe,  H.^Te,  The  hj-dragen 
I'ouipounds  of  selenium  and  tellurium  are  acids  hke  hydrogen  sulphide. 
Selenium,  by  simple  heating  in  a  stream  of  hydrogen,  partially  combines 
with  it  directly,  but  aeleuiuretted  hydrogen  is  more  readily  decompos- 
able by  heat  than  sulphuretted  hydrogen,  and  this  pi-operty  is  still 
more  developed  in  telluretted  hydrogen.  Hydrogen  seleuide  nnd 
telluride  are  gases  like  sulphuretted  hydrogen,  and,  like  it,  are  soluble 
in  water,  form  saline  compounds  with  alkalis,  precipitate  metallic  silts, 
are  obtained  by  the  action  of  acids  on  their  cumpounijs  with  metals, 
ibc.  Selenium  and  tellurium,  like  sulphur,  give  two  normal  grades  of 
combination  with  oxygen,  both  of  an  acid  character,  of  which  only  the 
forms  corresponding  to  sulphorous  anhydride — namely,  selenious  an- 
hydride, SeO„  and  tellurous  anhydride,  TeO," — are  formed  directly. 


^  Saltnioiu  anhj/ilnde,  BeOi,  is  a  volatile  solid,  which  erfaUUiiwB  in  prisms  solablu 
in  wMer.  It  is  best  procnred  b;  the  action  at  uitiic  uciJ  on  neleninni.  Tlie  wcU-knowit 
rekMxehe*  or  Nilson  (lali)  shoved  that  the  salts  of  telemooa  acid  essilj  form  ocicl  ults, 
and  4n  eo  cluir4ct«nstic  in  many  respects  that  tliey  may  even  serve  for  jndging  the 
•molegy  of  types  of  uiidea.  Thns  the  oiides  of  the  coiupmitiou  RO  give  nornml  saltii 
orthei»mp(>sitiouKS«0;,'lB:jO,  when)R^Mn,Co,Ni,  Cu,  Zn.  The  Halt*  of  mBKiiesinm, 
bftrinin,  and  calcium  contain  a  diUerent  qnsntily  of  nater,  as  also  do  the  salts  ol  the 
Diidei  BjO],  We  here  tam  attention  to  the  litct  Chat  beryllinin  gives  a  normal  salt, 
Be3aOi,9H.jO,Bnd  nut  asalc  analogous  tn  those  .•!  olaminiam,  scandiom,  Sc,(SeO,|„H,0, 
jltrinin,  Y.,(SeO])i,iaH30,  and  other  oxides  of  tha  tann  RjOj,  nhioli  tpeaks  in  farour  of 
Che  tormola  BeO, 

Telluroua  anhydride  is  also  acoloarlesa  solid,  n'hich  cryatalliaes  iu  octabedra ;  it  also, 
wlwti  hmted,  flrsl  Fnses  aud  then  votatilineit.  It  id  insoluble  in  water,  and  the  decmnpu- 
rition  ol  its  salts  givea  a  hydrate,  HjTeO^,  which  in  iotoluble. 

It  U  a  veif  characteristic  circainatanm  Ibitt  ulenioas  and  tdloroue  aiihjdridca 
are  very  eaailf  rtdaeed  to  aeleniani  and  tellurium.  This  is  not  only  effected  by  nii>tul4 
like  line,  or  by  snlphuretled  hydrogen,  wbidi  are  powerful  deoiidisers,  but  even  by  siil- 
I)hnroni  anhydride,  which  is  alilu  to  procipilato  selanium  and  lelluriuni  from  solntions 
of  ths  aclenites  and  tellurilen,  and  even  of  the  acids  tliemselves,  which  is  taken  advantage 
pt  in  obtiuniDg  these  elements  and  separating  them  from  stdphur. 

Sulphuric  acid,  ■■  we  know,  rarely  acta  as  an  oxidising  agent.  It  ia  otherwise  with 
Hienie  and  telluric  acids,  H,SeO,  oiid  HgTeOj,  which  are  powerful  oxidising  agents — tbat 
is,  are  easily  reduced  in  many  circnmstanoes  either  into  the  lower  oiide  or  even  to  selenium 
and  telloriata.  A  poverdil  oiidising  agent  i*  reqnired  in  order  to  convert  Beleniotu  and 
lellurons  anhydrides  into  mlenic  and  telluric  anhyilridea,  and,  moreover,  it  must  be  taken 
in  exces*.  If  chlorine  be  passed  through  a  solution  of  polauiamsclenide.K-Se,  tellnride, 
K,Te.  or  selenite,  K,SeO],  or  tellunle,  K,TeO,„  it  acta  na  an  ondiser  in  the  presence  ol 
tbawater,  fonniugi>ota»iumEelBnate,  E,SeO„or  lellurale.  KjTeOi.  The  same  aolU  are 
formed  by  fusing  th>:  lower  oxides  witli  uitrd.     Tiitiec  ^Its  are  itomorphous  with  tha 
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Tliese  are  both  solids,  obtained  by  the  combustion  of  the  elementa 
themselves  and  by  the  action  of  oxidising  agents  ou  thcui.  They  fonn 
feebly  energetic  acids,  having  distinct  bibasic  properties  ;  however,  a 
chai'acteristic  difference  is  observable  both  in  the  physical  properties  of 
tliese  compounds  and  in  their  stiibility  and  capacity  for  further  ostda- 
tion,  just  as  in  the  series  of  the  halogens  already  known  to  us,  only  in 
an  inverse  order  ;  in  the  latt«r  ws  saw  that  iodine  combines  more  easily 
than  bromine  or  chlorine  with  oxygen,  forming  more  stable  oxygen 
compounds,  whereas  here,  on  the  contrary,  sulphurous  anhydride,  as 
we  know,  is  difficultly  decomposed,  part-s  with  its  sulphur  with  difficulty, 
and  is  easily  oxidised  even  in  air  and  especially  in  its  salts,  while 
sclenious  and  tellurous  anhydrides  are  difficultly  oxidised  and  easily 
reduced,  even  by  means  of  sulphurous  acid. 

Selenium  was  obtained  in  1S17  by  Berzeliua  from  the  sublimat* 
which  collects  in  the  first  chamber  in  the  preparation  of  sulphuric 
acid  from  Fahlun  pyrites.     Certain  other  pyrites  alsi.)  contain  small 

eorresponding  ralphnCca,  and  ouiaot  tWreroie  bu  separsted  from  thmn  by  t-rfitnllisktiaov 
Tlie  Falta  of  patiuHiurn,  Bodium,  magiesiom,  copper,  cfuiiniuia.  &i!.,  utf  uilubte  like  the 
HUlpliatefi,  but  thoK  of  bBriam  and  calcium  are  inioluble,  in  iieifHcl  BDAlDgy  with  the  rol- 
phftteB.  Whfn  copper  salenate,  CaSeO^,  ie  treated  wilh  Hn]pharatl«ii  liydcogen  (CnS 
U  fiBQipiMed),  aeletUc  acid  Tcnuuns  iii  EolatioD.  On  eTaponition  ilgireit  ■  tyrapy  liquid. 
nhirb  nuljbe  coucentrated  to  almost  tlie  pnre  acid,  iI,SuOu1ii>viiig  u  specific  giavitjr 
et  S'fl.  Like  snlpliucio  acid  this  acid  nttrucls  moistnte  fmm  the  ntmnHpliore ;  it  ia  uu( 
dennnposed  b;  aulphuroas  aoid,  bnt  oiidiseB  hydrochloric  acid  (like  nitiic,  cliromie,  lod 
manganic  axiids),  evolving  dilorine  and  loiming  sslenioaa  acid,  UjAeOi+ARCI^^ 
HaSaOj+ajO  +  Clj.  Telluric  oci"</,  HaTeO,,  i»  obtained  by  (n«ng  lelluroua  auhydride 
with  potamiDm  liydroiide  and  chlorate;  the  aotution,  pontuniog  piitassium  tellDTate, 
ia  than  precipitated  vith  b«rium  chloride,  and  the  barium  teUurale,  BftTeOt,  then 
obtaineid  in  tbe  precipitate  is  decompoied  by  sulphuric  add.  A  solulion  ot  tcUurio  add 
is  thna  obtained,  which  on  evaporation  yields  ooloorlesB  piiams,  soluble  in  valer,  and 
rontaining  Teap„SHjO.  Two  equiralenlt  of  water  ore  driven  ofl  at  100° ;  on  tortbn 
beating  the  laat  equivalent  ol  water  is  expelled,  and  then  oxygen  is  pven  off.  It 
■Ibo  given  chlorine  witli  liydrochloric  aciil,  like  aelenio  acid.  It*  xalta  a^  corceapond 
with  those  of  Bulphario  acid.  It  mnrt,  however,  bo  roraarked  that  telluric  and  adenlc 
acida  are  able  to  give  poly-aoid  salts  with  much  greater  ease  than  salphnrii'  acid.  Tfau, 
tor  example,  tliere  are  known  for  telluric  acid  Dot  only  KjTeOn.SB^O  and  KUTe0«,8H,O, 
but  aliw  KHTe0„HiTeOi,H,O-EtTeO4,SB]Te0i,aHaO.  This  salt  is  easily  obtainad 
from  acid  solutions  of  the  preceding  ulte,  and  it  less  soluble  in  water.  As  selenious  anhy- 
dride ia  volatile  and  givca  similar  poly-solte,  it  might  be  thought  that  aelenious,  tellanHU, 
■cleiuc,  and  telluric  anhydridi^B  are  polymeric  as  compared  with  EulphDrous  and  aDlphnriB 
anhydrides,  for  which  rvason  it  would  be  desirous  to  determine  the  vapour  deniily  ol 
•eleniouB  anhydride.     It  would  prrbobly  correspond  with  SvjOi  or  SejO„. 

In  order  to  show  how  eiewdingly  analogous  selenium  is  to  sulphur.  I  wit!  note  two 
oiamples.  Potassinni  cyanide  disnolres  taleuinm,  as  it  does  sulphur,  forming  polaHion 
selenocyanate,  KCNSe,  corresponding  with  potaasimn  thiocyanate.  Acids  precipitAte 
selenium  from  this  soltttiou.  because  nelenocyaniu  acid,  H,CNSe,  when  in  a  free  sUite  it 
immediately  decomposed.  A  boiling  solotion  of  sodimu  sulphitn  dihsolves  salcllJDItt, 
just  ae  it  wonld  sulphur,  forming  a  salt  analogous  to  thiosuiphate  of  sodium,  nuntlj, 
lenosulpliate,  Na,j8SeOs.  Selenium  is  separated  from  a  solution  of  this  atll  by 
of  acid. 


quanlitiea  of  Belenium.  Some  niitive  eelenides,  especially  those  of  lead, 
iiMrcury,  and  copper,  have  been  found  in  the  Hartz  Mountains,  but 
only  in  small  quantities.  Pyrites  and  blendes,  in  which  the  Bulphur 
ie  partially  replaced  by  seleniun),  still  remain  the  chief  source  for  its 
extraction.  When,  these  pyrites  are  riiasted  they  evolve  gelenious 
anbydride,  which  condeasea  in  the  cooler  portions  of  the  apparatus  in 
which  the  pyrit«s  are  roasted,  and  is  partially  or  wholly  reduced  by 
tlie  sulphurous  anhydride  simultaneously  formed.  The  presence  of 
.selenium  in  ores  and  sublimates  is  most  simply  tested  by  heating  them 
liefore  the  blowpipe,  wiien  they  evolve  the  characteristic  odour  of  garlic. 
Selenium  exhibits  two  modifications,  like  sulphur  :  one  amorphous  and 
insoluble  in  carbon  bisulphide,  tbe  other  crystalline  and  slightly 
soluble  in  carbon  bisulphide  (in  1000  parts  at  45°,  and  GOOO  at  0°),  and 
separating  from  its  soiutious  in  inonocHuic  prisms.  If  the  red  preci- 
pitate obtained  by  the  action  of  sulphurous  anhydride  on  selenious 
anhydride  be  dried,  it  gives  a  hniwn  powder,  having  a  specific  gravity 
of  426,  which  when  heated  changes  colour  and  fuses  into  a  metallic 
mass,  which  gains  lustre  as  it  cools.  The  sdenium  acquires  different 
pi-operties  according  to  the  rate  at  which  it  is  cooled  from  a  fused 
state  :  if  rapidly  cooled,  it  remains  amorphous  and  has  the  same  specific 
gravity  (4'28)  as  the  powder,  but  if  slowly  cooled  it  becomes  crystal- 
line and  opaque,  soluble  in  carbon  l)isulphide,  and  has  a  specific  gravity 
of  'I'BO.  In  this  form  it  fuses  at  214°  and  remains  unchanged,  whilst 
tlie  amorphous  form,  especially  above  80°,  gradually  passes  into  the 
crystalline  variety.  The  transition  is  accompanied  by  the  evolution  of 
heat,  OS  in  the  case  of  sulphur  ;  thus  the  analogy  between  sulphur 
and  selenium  is  clearly  shown  here.  In  the  fused  amorphous  form, 
selenium  presents  a  brown  mass,  slightly  translucent,  with  a  vitreous 
fmctare,  whilst  in  the  crystalline  form  it  has  the  appearance  of  a  grey 
metal,  with  a  feeble  lustre  and  a  crystalline  fracture.  Selenium  boils 
at  700°,  forming  a  vapour  whose  density  is  only  constant  at  a  tempe- 
rature of  atwut  1400°,  when  it  is  equal  to  79'4  (referred  to  hydrogen) 
— that  is,  the  molecular  foi-mula  is  then  Se„  like  sulphur  at  as  high  a 
temperature. 

TeUurivm  is  met  with  still  more  rarely  than  selenium  (it  is  known 
in  Saxony)  in  combination  with  gold,  silver,  lead,  and  antimony  in 
tJie  so-called  foliated  tellurium  ore.  Bismuth  telluride  and  silver 
telluride  have  been  found  in  Hungary  and  in  tbe  Altai.  Tellurium  is 
extracted  from  bismuth  telluride  by  mixing  the  finely-powdered  ore 
.with  potassium  and  charcoal  in  as  intimate  a  mixture  as  possible, 
and  then  heating  in  a  covered  crucible.  PotnG.sium  telluride,  KjTe, 
is    then   formed,   because    the  charcoal    reduces    potassium   tellurite. 
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As  potassium  telluride  is  soluble  in  water,  forming  a  red-brown 
solution  which  is  decomposed  by  the  oxygen  of  the  atmosphere 
(K2Te  +  04-H20  =  2KHO  +  Te),  the  mass  formed  in  the  crucible  is 
treated  with  boiling  water  and  filtered  as  rapidly  as  possible,  and  the 
resultant  solution  exposed  to  the  air,  by  which  means  the  tellurium  is 
precipitated. *°  In  a  free  state  tellurium  has  a  perfectly  metallic 
appearance ;  it  is  of  a  silver- white  colour,  very  easily  crystallises  in 
long  brilliant  needles  ;  is  very  brittle,  so  that  it  can  be  easily  reduced 
to  powder ;  but  it  is  a  bad  conductor  of  heat  and  electricity,  so  that 
in  this  respect,  as  in  many  otliers,  it  forms  a  transition  from  the  metals 
to  the  non-metals.  Its  specific  gravity  is  6*18,  it  melts  at  an  incipient 
red  heat,  and  takes  fire  when  heated  in  air,  like  selenium  and  sulphur, 
burning  with  a  blue  flame  and  evolving  white  fumes  of  tellurous 
anhydride,  Te02,  and  emitting  an  acrid  smell  if  no  selenium  be  present; 
but  if  it  be,  its  odour  preponderates.  Alkalis  dissolve  tellurium  when 
boiled  with  it,  potassium  telluride,  KjTe,  and  potassium  tellurite, 
KjTeOs,  being  formed.  The  solution  is  of  a  red  colour,  owing  to 
the  presence  of  the  telluride,  KjTe  ;  but  the  colour  disappears  when 
the  solution  is  cooled  or  diluted,  the  tellurium  being  all  precipitated  : 
2K2Te  +  KgTeOa  +  SHaO  =  6KH0  +  STe.^^ 

^  The  tellnrium  thus  prepared  is  impure,  and  contains  a  large  amount  of  selenium. 
The  selenium  may  be  removed  by  converting  their  mixture  into  a  mixture  of  potassium 
tellurate  and  selenate,  and  treating  this  with  nitric  acid  and  barium  nitrate,  when  barium 
selenate  only  is  precipitated,  whilst  the  barrium  tellurate  remains  in  solution.  This 
method  does  not,  however,  give  a  pure  product,  and  it  appears  to  be  best  to  separate  the 
selenium  from  the  tellurium  in  a  metallic  form ;  this  is  done  by  boiling  the  impure 
potassium  tellurate  witli  hydrochloric  acid,  wliich  converts  it  into  potassium  tellurite, 
from  which  the  tellurium  is  reduced  by  sulphurous  anhydride.  The  metal  thus  obtained 
is  then  fused  and  distilled  ip  a  stream  of  hydrogen  ;  the  selenium  volatilises  first,  and 
then  the  tellurium,  owing  to  its  being  much  less  volatile  than  the  former.  Neverthe- 
less, tellurium  is  also  volatile,  and  may  be  separated  in  this  manner  from  less  volatile 
metals,  such  as  antimony.  Brauner  determined  the  atomic  weight  of  pure  tellurium,  and 
found  it  to  be  125,  but  he  (1889)  f^howed  that  tellurium  purified  by  the  usual  method, 
even  after  distillation,  contains  a  large  amount  of  impurities. 

•1  The  decomposition  proceeds  in  the  above  order  in  the  cold,  but  in  a  hot  solution 
with  an  excess  of  potassium  hydroxide  it  proceeds  inversely.  A  Uke  phenomenon  takes 
place  when  tellurium  is  fused  with  alkalis,  and  therefore  it  is  necessary  in  order  to  obtain 
potassium  telluride  to  add  charcoal. 

Selenium  and  tellurium  form  higher  compounds  with  chlorine  than  sulphur.  For 
■elenium,  SeClg  and  SeCl4  are  known  and  for  tellurium  TeClQ  and  TeC^.  The  tetra- 
chlorides of  selenium  and  tellurium  are  formed  by  passing  chlorine  over  these  elements. 
Selenium  tetrachloride,  SeCl4,  is  a  crystalhne,  volatile  mass  which  gives  selenious  anhy- 
dride and  hydrochloric  acid  with  water.  Tellurium  tetrachloride  is  much  less  volatile, 
Ciunly  fuses,  and  is  also  decomposed  by  water.  They  form  similar  compounds  with  bromine. 
Tellnrimn  tetrabromide  is  red,  fuses  into  a  brown  liquid,  and  volatilises,  and  gives  a 
(fystalline  stilt,  K^TeBrgySHjO,  with  an  aqueous  solution  of  potassium  bromide. 


CHAPTER    XXI 


I    URANEL'M,    ASIJ    SIAKO. 


SuLPUUR,  selenium,  and  telluiium  belong  to  the  uneven  series  of  the 
sixth  group.  In  the  even  aeries  of  this  group  there  are  known  '-l.ro- 
miiim,  moltjhiienitvi,  tungUen,  and  iirrtniiiin  ;  these  give  acid  oxides 
of  the  type  ROj,  like  SO3.  Their  acid  properties  are  less  ahnrply 
defined  than  those  of  sulphur,  selenium,  and  telluriuui,  as  is  the  case 
with  all  elements  of  the  even  series  as  compared  with  those  in  the 
uneven  series  in  the  same  group.  But  still  the  oxides  CrO,,  M0O3,  WOj, 
and  even  UOj,  have  clearly  defined  acid  properties,  and  form  salts  of 
the  composition  StOiTiROj  with  bases  MO.  In  the  case  of  the  heavy 
elements,  and  especially  of  uranium,  the  higher  type  of  oxide,  VOj, 
is  less  acid  and  more  basic,  because  in  a  given  group  of  oxides  the 
element  with  the  highest  atomic  weight  always  acquires  a  more  and 
more  pronouncedly  basic  character.  Hence  UO3  shows  the  properties 
of  a  base,  and  gives  salts  UOjXj.  The  basic  properties  of  chromium. 
molybdenum,  tungsten,  and  uranium  are  most  clearly  expressed  in  the 
lower  oxides,  which  they  all  form.  Thiia  chromic  oxide,  CrjOj,  is  it 
distinct  base,  Hke  alumina,  Al^Oj. 

Of  all  these  elements  chromium  i»  tEic  most  widely  distributed  and 
the  most  frequently  used.  It  gives  chromic  anhydride,  Crfjj,  and  chro- 
mic oxide,  CfjOj — two  compounds  whose  relative  amounts  of  oxygen 
stand  in  the  ratio  2:1.  Chromium  is,  although  rarely,  met  within 
nature  as  a  compound  of  one  or  the  other  type.  The  red  chromium 
ore  of  the  Unila,  or  lead  chroraate,  PbCrO,,  was  the  source  in  which 
chromium  was  discovered  by  Vautjuelin,  who  gave  it  this  name  {from 
the  Greek  word  signifying  colour)  owing  to  the  brilliant  colnui-s  of  its 
compounds  ;  the  chromates  (salts  of  chromic  anhydride)  are  red  and 
yellow,  and  the  chromic  salts  (from  Cr.jOj)  green  and  violet.  The  red 
lead  chromate  is,  however,  a  rare  chromium  ore  found  only  in  the  Urals 
and  a  few  other  localitiee.  Chromic  oxide,  CrjO,,  is  more  freijuently 
met  with.  In  .small  quantities  it  forms  the  colouring  matter  of  many 
minerals  and  rocks — for  example,  of  some  serpentines.     The  commonest 
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ore,  and  thecliief  source  of  the  chromium  compounds,  ia  thecAronif  iron 
ore,  which  occurs  in  the  Urals  '    and  America,    Sweden,  and  otner 
localities.     This  is  magnetic  iron  ore,  FeO.FfijOj,  in  which  the  ferric 
oxide  is  replaced  by  chromic  oxide,  its  composition  being  FeO,Cr,0j, 
Chrome  iron  ore  crystallises  in  octahedra  of  sp,    gr.  4"4  ;    it  has  i 
feeble  nietallic  lustre,  is  of  a  greyish  black  colour,  and  gives  a  bro«n 
powder.     It  is  very  feebly  acted  on  by  acids,  but  when  fused  willi 
potassium  acid  sulphate  it  gives  a  soluble  mass,    which   contains  » 
chromic  salt,  besides  potassium  sulphate  and   ferrous  sulphate,      lu 
practice  the  treatment  of  chrome  iron  ore  is  mainly  carried  on  for  tlie 
preparation  of  chromates,  and  not  of  chromic  salts,  and  therefore  we 
will  trace  the  history  of  the  element  by  beginning  with  chromic  acid, 
mid  especially  with  the  working  up  of  the  chrome  iron  ore  into  polat 
nium  dic/iromalf,  KjCrjOn  as  the  most  common  salt  of  this  acid.     Ii 
must  be  remarked  that  chromic  anhydride,  CrO^,  is  only  obtained  in 
an  anhydrous  state,  and  is  distinguished  for  itfl  capacity  fur  easily  giving  J 
anhydro-salts  with  the  alkalis,  containing  one,  two,  and  even  three 
equivalents  of  the  anhydride  to  one  equivalent  of  base.     Thus  among 
the  potassium  salts  there  is  known  the  normal  or  yellow  chromate, 
K.CrOi,  which  corresponds  to,  and  is  perfectly  isomorphous  with,  potas- 
sium sulpjiate,  easily  forms  isomorphous  mixtures  with  it,  and  is 
therefore  suitable  for  a  process  in  which  il  is  necessary  to  separate  the 
salt  from  a  mixture  containing  sulphates.     As  in  the  presence  of  A 
certain  eiccess  of  acid,  alkalis  easily  give  dichromates,  the  object  of  tht 
manufacturer  is  to  produce  such   a   dichromate,  the  more  so   as  it 
contains  a  larger  proportion  of  the  elements  of  chromic  acid  than  the 
normal  salt.     Finely-ground  chrome  iron  ore,  when  heated  with  an 
alkali,  absorbs  oxygen  almost  as  easily,  if  not  more  so,  than  a  mixture  of  ! 
the  oxides  of  manganese  with  an  alkali.     This  absorption  is  due  to  the  i 
presence  of  chromic  oxide,  which  is  oxidised  into  the  anhydride,  and  ' 
then  combines  with  the  alkali :  Cr.^Oj  +  03=2Cr03.  As  tlie  oxidation  and 
formation  of  the  chromate  proceeds,  the  mass  turns  ydlon:     The  iron 
is  also  oxidised,  but  does  not  give  ferric  acid,  because  the  capacity  of 
the  chromium  for  oxidation  ia  incomparably  greater  than  that  of  th« 
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Geverai  hours,  until  the  moss  Itecomes  yellow  ;  it  then  contains  nonnnl 
calcium  chromate,  CaCrO^,  which  is  insoluble  in  water  iu  the  presence  of 
an  excess  of  lime.  But  the  calcium  chrouiate  is  soluble  in  water  in  the 
pre^nce  of  an  excess  of  chromic  acid,  bs  may  he  seen  from  the  fact 
tliftt  a  solution  of  chromic  acid  dissolves  lime.  The  i-esultant  mass  is 
ground  up,  and  treated  with  water  and  sulphuric  acid.  The  excess  of 
lime  forms  gypsum,  and  the  soluble  calcium  dichromate,  CaCr,0^ 
together  with  a  certain  amount  ofiron,  pass  into  solution.  The  solution 
is  poured  off,  and  chalk  added  to  it  ;  this  precipitates  the  feme  oxide 
(the  ferrous  oxide  is  converted  into  ferric  oxide  in  tlie  furnace)  and 
forms  a  fresh  quantity  of  gypsum,  while  IJie  chromic  acid  remains  in 
solution — that  is,  it  does  not  form  the  sparingly -soluble  (1  part  in  240 
parts  of  water)  normal  salt.  The  solution  then  holds  a  fairly  pure 
calcium  dichromate,  which  by  double  decomposition  gives  other 
chromatea  ;  for  example,  with  a  solution  of  potassium  sulphate  it  gives 
a  precipitate  of  calcium  sulphate  and  a  solution  of  potassium  dichro- 
mate, which  crystallises  when  evaporated. 

Potoiaium  dichroniate,  KjCr^Oj,  easily  crystallises  from  acid  solu- 
tions in  red,  well-formed  prismatic  crystalfl,  which  fuse  at  a  red  heat 
tind  evolve  oxygen  at  a  very  high  temperature,  leaving  chromic  oxide 
and  the  normal  salt,  which  is  not  further  changed  :  SKjCrgO,^: 
iiKjCrOj  +  CrjOj+Oj.  At  the  ordinary  temperature  100  parts  of 
water  dissolve  10  parts  of  this  salt,  and  the  solubUity  increases  as  the 
temperature  rises.  It  is  most  important  to  note  that  the  dichromate 
does  not  contain  water,  it  is  K2Cr04-t-Grf>j  ;  and  the  acid  salt  corre- 
sponding to  potassium  acid  sulphate,  KHSO,,  does  not  exist.  It  does 
not  even  evolve  heat  when  dissolving  in  water,  but  on  the  contrary 
produces  cold  ;  thus  it  does  not  even  then  form  a  definite  compound 
with  water.  The  solution  and  the  salt  itself  are  poisonous,  and  act  as 
powerful  oxidising  agents,  which  is  the  character  of  the  compounds  of 
chromic  acid  in  general.  When  heated  with  sulphur  or  organic 
sulistances,  with  sulphurous  anhydride,  hydrogen  sulphide,  or  many 
metals,  this  salt  is  deoxidised,  yielding  chromic  compounds,'  Potas- 
sium dichromate  '  is  used  iu  the  arts  and  in  chemistry  as  a  source  for 

'  Tlie  oxiiliiung  Htinu  uf  |iot*s>iuin  dichroouite  on  ocgKuic  subBtttnces  M  the  ordituu; 
tempcratare  i>  eflpooUlly  muked  under  the  action,  ul  ligbt.  Thas  it  acts  on  gelnttn,  at 
PoDtou  diacoveted;  this  it  applied  to  photogia[thy  ia  the  pcoceGSea  of  pUotograraiai 
pholo-lilhographir,  pigment  printing,  Ac.  Under  the  action  oT  light  thi>  ^alin  isoiidiud, 
and  the  chromio  auhydride  deoudised  into  cliroioic  oxide,  which  nnitei  with  tlie  giUtiD 
and  tanns  n  ccnnpoand  iniuilable  in  warm  wnter,  irhilat,  where  the  1it{ht  hue  not  icled,  thu 
grUtin  remains  soluble,  ita  propertise  being  unnifected  by  the  preseuoe  of  clunmit  acid 
Ot  polnBgiam  dichromate. 

'  Ammonium  and  sodinm  dichromntci  are  dow  aliio  prepared  on  a  large  acale.  The 
andiam  anlti  may  be  prepared  in  exactly  the  same  manner  as  ihoie  of  polasaium.    TIm 
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the  preparation  of  all  other  chromitifn  compounds.  It  isoonTerted  into 
yellow  pigments  bj  means  of  double  decomposition  with  salts  of  lead, 
barium,  and  zinc.  When  solutions  of  the  salts  of  these  metals  are  mixed 
with  potassium  dichromate  (in  dyeing  generally  mixed  with  soda,  in 
order  to  obtain  normal  salts),  they  are  precipitated  as  insoluble  normal 
salts ;  for  example,  2BaCl2  4-K2Cr20.+H20=2BaCr04  4-2KCl  +  2HCl. 
This  already  shows  that  these  salts  are  insoluble  in  dilate  acids,  bat 
the  precipitation  is  not  complete  (as  it  would  be  with  the  normal  salt). 
The  barium  and  zinc  salts  are  of  a  lemon  vellow  colour  ;  the  lead  salt 
has  a  still  more  intense  colour  passing  into  orange.  Yellow  cotton  prints 
are  dyed  with  this  pigment.  The  silver  salt,  AgjCrO^,  is  of  a  bright 
red  colour. 

W^en  potassium  dichromate  is  mixed  with  potassium  hydroxide 
or  carbonate  (carbonic  anhydride  is  disengaged  in  the  latter  ease)  it 
forms  the  normal  salt,  K2Cr04,  known  as  yellow chromate oi  jyotastium. 
Its  specific  gravity  is  2*7,  l)eing  almost  the  same  as  that  of  the  dichro- 
mate. It  absorbs  heat  in  dissolving  ;  one  part  of  the  salt  dissolves  in 
1*75  parts  of  water  at  the  ordinary  temperature,  forming  a  yellow  solu- 
tion.  When  mixed  with  even  such  feeble  acids  as  acetic,  not  to  speak  of 

normal  fialt  combineB  with  ten  equivalents  of  water,  like  Glaaber's  salt,  with  which  it 
is  iHomorphouH.  ItB  rtolntion  alwve  80^  deposits  the  anhydrous  salt-  Sodium  dichro- 
mate cryfitalg  contain  Na^Cr^OTjTH^O.  Tlie  ammonium  salts  of  chromic  acid  are  ob- 
tained by  saturating  the  anhydride  itself  with  ammonia.  The  dichromate  is  obtained 
by  saturating  one  part  of  the  anhydride  with  ammonia,  and  then  adding  a  second  part  of 
anhydride  and  evaiK^ating  under  the  receiver  of  an  air-pump.  On  ignition,  the  normal 
and  M'A<\  huHh  leave  chromic  oxide.  Potassium  ammonium  chromate,  NH4KCr04,  is 
obtained  in  y»;llow  needles  from  a  solution  of  potassium  dichromate  in  aqueous  ammonia; 
it  not  only  loKes  ammonia  and  becomes  converted  into  potassium  dichromate  when 
ignited,  but  alw^  by  degrees  at  the  ordinary  temperatiure.  This  shows  the  feeble  energy 
of  chromic  lu-id,  and  its  tendency  to  form  stable  dichromates.  Magnesium  chromate  is 
w)luble  in  water,  as  also  is  the  strontium  salt.  The  calcium  salt  is  also  somewhat  soluble, 
but  the  barium  salt  is  almost  insoluble.  The  isomorphism  with  sulphuric  acid  is  evinced 
in  the  chromates  by  the  fact  that  the  magnesium  and  ammonium  salts  form  double  salts 
containing  six  equivalents  of  water,  which  are  perfectly  isomorphous  with  the  correspond- 
ing sulphates.  The  magnesium  salt  crystallises  in  large  crystals  containing  seven  equiva- 
lents of  water.  The  beryllium,  cerium,  and  cobalt  salts  are  insoluble  in  water.  Chromic 
acid  dissolves  manganous  carbonate,  but  on  evaporation  the  solution  deposits  manganese 
dioxide,  formed  at  the  expense  of  the  oxygen  of  the  chromic  acid.  Chromic  acid  also 
oxidises  ferrous  oxide,  and  ferric  oxide  is  soluble  in  chromic  acid.  It  must  be  observed 
that  the  chromates  liave  not  yet  been  sufficiently  investigated. 

One  of  the  chromates  most  used  by  the  dyer  is  the  insoluble  yellow  lead  chromate, 
PbCrO^  (8uj>ra,p.  181).  It  easily  forms  a  basic  salt,  having  the  composition  PbO,PbCrO,, 
as  a  crystalline  powder,  obtained  by  fusing  the  normal  salt  with  nitre  and  then  rapidly 
washing  in  water.  The  same  substance  is  obtained,  although  impure  and  in  small  quan- 
tity, by  treating  lead  chromate  with  potassium  chromate,  especially  on  l)oiling  the 
mixture ;  and  this  gives  the  possibility  of  attaining,  by  means  of  these  materials,  various 
tints  of  lead  chromate,  from  yellow  to  red,  passing  through  different  orange  shades.  The 
decomposition  which  takes  place  (incompletely)  in  this  case  is  as  follows :  2PbCr04  + 
K3Cr04»PbCr04,PbO  +  K3Cr207-^that  is,  potassium  dichromate  is  formed  in  solution,  . 
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the  ordinary  acids,  it  gives  the  dichroniate,  and  Graham  obtained  a. 
trichronmte,  KjCrgOm-  KjCrOj.iJCi-Oa,  hy  luixing  a  solution  of  the 
latter  salt  with  an  excess  of  nitric  Rcid. 

Chromic  an/'i/dr  ide  is  obtained  by  preparing  a  saturated  solution  of 
potassium  dichromate  at  the  ordinary  temperature,  and  pouring  it  in  a 
thill  stream  into  an  equal  volume  of  pure  sulphuric  acid.'  On  mixing, 
the  temperature  naturally  rises;  n-hen  slowly  cooled,  the  solution 
deposits  chromic  anhydride  in  needle-shaped  crystals  of  a  red  colour 
sometimes  several  centimetres  long.  The  crystals  are  fi-e&l  from  the 
mother  liquor  by  placing  them  on  a  porous  tile.  They  ciinuot  \yt 
liltered  or  washed,  because  the  chiomic  anhydride  is  reduced  by  the 
filter-paper,  and  b  dissolved  during  tlie  process  of  washing.  It  Is  very 
important  ttt  this  point  to  call  attention  to  the  fact  that  a  hydrate  of 
chromic  anhydride  is  never  obtaiued  in  the  decomposition  of  chromic 
compounds,  but  always  the  atiliycfride,  CrOj.  The  correspoodin^j 
hydrate,  CrO^Hj,  or  any  other  hydi-ate,  ia  not  even  known.  Neverthe- 
less, it  luust  be  admitted  that  chromic  acid  is  bibasic,  because  it  foi-ms 
salts  isomorphouB  or  perfectly  analogous  with  the  salts  formed  by 
sulphuric  acid,  which  is  the  btist  e.^ample  of  a  bibasic  acid.     It  gives 


*  The  BQlpbuTio  acid  Hhoulil  not  oonlain  any  lower  oiidea  of  nitrogen,  beoaiue  thej 
leAare  chramic  anlif  dride  into  clironiic  oxide . 

II  a  tolntlon  of  n  chnmi&te  be  etrongly  heiLted  ivith  an  eima  of  acid — for  initanes. 
anlphnric  or  bjdioctilorie  itdd — oijgen  or  cblorins  it  ovolred,  and  n  solution  of  ■ 
chromic  wit  is  formed.  Henco,  under  tliese  circnDiatoncee,  chromic  acid  i-annot  be  ob- 
titiiud  from  ite  aalka,  nltliough  it  may  Iw  obtained  b;  many  methoda  iu  a  free  eUte. 
One  of  the  fliat  motlioda  employed  ooosintpd  in  convert  in);  itsHlU  iulo  volatile  cliroinium 
hrtafiuoride.  CrPj.  This  somponnd,  obtsined  by  UuTerdorbBu,  mny  be  preiiared  by 
mining  lead  clinnnete  with  tlnaT  spai  in  &  dry  atat«,  and  Creatint;  the  miiture  witb  fumia2 
aulphurio  add  iu  a  pUtinum  vmteX:  PbCrO,-t-8CoF,  +  *HiSO,  =  Pb80j  +  8Ca80,-f 
4K|0-l-CrF,.  Faming  aolphuric  aaid  is  liikeu,  and  in  considerable  eiceaa,  becknse  tlie 
chromium  flaarida  which  is  formed  is  very  easily  dedoinposed  by  water.  It  is  volatile^ 
and  toims  a.  very  canstic,  poiaonoDs  vapour,  which  condeuaea  when  coaled  in  adry  platinum 
Tssael  into  a  rod,  eicefldiii)(ly  volatila  liquid,  which  fumes  powerfully  in  sir.  Thovaponra 
of  this  aulistnnce  when  introduced  into  water  ore  decomposed  into  hydrofluoric  acid  and 
shromioaidiydride;  CrPo-h8H,0  =  CrOj  +  flHF.  II  very  little  water  be  taken  the  hydr.v 
flaoric  acid  volatiliaen.  aud  ohromic  anhydride  sepimtas  directly  in  erystala.  The 
chloranbydride  of  cliromio  acid,  CrOgCU.  vhicb  will  be  shortly  deacrlbed,  is  also  decom- 
|>Dsed  in  the  same  manner.  A  solution  of  chromic  acid  and  a  precipitate  o(  barium 
sulphate  ate  formed  by  treating  the  inaolable  bariam  chromate  with  an  equivalent 
qnantily  of  anlphoric  acid.  It  carefnily  evaponiled,  tlie  afllation  yieldii  rrysljtla  o( 
ohromic  anhydride.  Fritiache  gave  a  very  eonveniont  method  of  preparing  chromic 
anhydride,  based  on  the  relation  of  chrnmic  Ici  solphnric  acid.  At  the  ordinary  tem- 
p«ratnrc  the  stroii);  acid  disaolves  both  chromic  anhydride  snd  potaitsiam  rhromnte,  bnt 
it  a  oertain  amonatof  water  is  added  to  the  sotntion  the  chromic  anhydride  separates, 
and  if  the  amount  ol  water  be  increased  llie  firvFipitated  chromic  anhydride  is  again  dis- 
snlved.  The  chromio  anhydride  ii  alnioil  nil  leparated  ftom  the  solution  when  it  con. 
taiUB  two  eqnivalenta  of  water  to  one  cquiraJent  of  inlpharic  acid.  Many  methoda  tot 
M  preparation  of  ehronuc  anhydride  aiv  baaed  on  thii  foot. 
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the  preparation  of  all  other  chromium  compounds.  It  isoonTerted  into 
yellow  pigments  by  means  of  double  decomposition  with  salts  of  lead, 
barium,  and  zinc.  When  solutions  of  the  salts  of  these  metals  are  mixed 
with  potassium  dichromate  (in  dyeing  generally  mixed  with  soda,  in 
order  to  obtain  normal  salts),  they  are  precipitated  as  insoluble  normal 
salts ;  for  example,  2BaCl2  +  K2Cr207  +  H20=2BaCr04  +  2KCl  +  2HCl. 
This  already  shows  that  these  salts  are  insoluble  in  dilute  acids,  but 
the  precipitation  is  not  complete  (as  it  would  be  with  the  normal  salt). 
The  barium  and  zinc  salts  are  of  a  lemon  yellow  colour  ;  the  lead  salt 
has  a  still  more  intense  colour  passing  into  orange.  Yellow  cotton  prints 
are  dyed  with  this  pigment.  The  silver  salt,  Ag^CrO^,  is  of  a  bright 
red  colour. 

When  potassium  dichromate  is  mixed  with  potassium  hydroxide 
or  carbonate  (carbonic  anhydride  is  disengaged  in  the  latter  case)  it 
forms  the  normal  salt,  KjCrO^,  known  as  yellotv  chromate  oi  potassium. 
Its  specific  gravity  is  2*7,  being  almost  the  same  as  that  of  the  dichro- 
mate. It  absorbs  heat  in  dissolving  ;  one  part  of  the  salt  dissolves  in 
1*75  parts  of  water  at  the  ordinary  temperature,  forming  a  yellow  solu- 
tion.   When  mixed  with  even  such  feeble  acids  as  acetic,  not  to  speak  of 

normal  salt  combines  with  ten  equivalents  of  water,  like  Glauber's  salt,  with  which  it 
is  isoraorphous.  Its  solution  above  80^  deposits  the  anhydrous  salt.  Sodium  dichro- 
mate crystals  contain  Na2Cr207,7H20.  TJie  ammonium  salts  of  chromic  acid  are  ob- 
tained by  saturating  the  anhydride  itself  with  ammonia.  The  dichromate  is  obtained 
by  saturating  one  part  of  the  anhydride  with  ammonia,  and  then  adding  a  second  part  of 
anhydride  and  evaporating  under  the  receiver  of  an  air-pump.  On  ignition,  the  normal 
and  acid  salts  leave  chromic  oxide.  Potassium  ammonium  chromate,  NH4KCr04,  is 
obtained  in  yellow  needles  from  a  solution  of  potassium  dichromate  in  aqueous  ammonia; 
it  not  only  loses  ammonia  and  becomes  converted  into  potassium  dichromate  when 
ignited,  but  also  by  degrees  at  the  ordinary  temperature.  This  shows  the  feeble  energy 
of  chromic  acid,  and  its  tendency  to  form  stable  dichromates.  Magnesium  chromate  is 
soluble  in  water,  as  also  is  the  strontium  salt.  The  calcium  salt  is  also  somewhat  soluble, 
but  the  barium  salt  is  almost  insoluble.  The  isomorpliism  with  sulphuric  acid  is  evinced 
in  the  chromates  by  the  fact  that  the  magnesium  and  ammonium  salts  form  double  salts 
containing  six  equivalents  of  water,  which  are  perfectly  isomorphous  with  the  corresi)ond- 
ing  sulphates.  The  magnesium  salt  crystallises  in  large  crystals  containing  seven  equiva- 
lents of  water.  The  berylUum,  cerium,  and  cobalt  salts  are  insoluble  in  water.  Chromic 
acid  dissolves  manganous  carbonate,  but  on  evaporation  the  solution  deposits  manganese 
dioxide,  formed  at  the  expense  of  the  oxygen  of  the  chromic  acid.  Chromic  acid  also 
oxidises  ferrous  oxide,  and  ferric  oxide  is  soluble  in  chromic  acid.  It  must  be  observed 
that  the  chromates  have  not  yet  been  sufficiently  investigated. 

One  of  the  chromates  most  used  by  the  dyer  is  the  insoluble  yellow  lead  chromate, 
PbCr04  {supr a f'p.ldl).  It  easily  forms  a  basic  salt,  having  the  composition  PbO,PbCrO,, 
as  a  crj'stalline  powder,  obtained  by  fusing  the  normal  salt  with  nitre  and  then  rapidly 
washing  in  water.  The  same  substance  is  obtained,  although  impure  and  in  small  quan- 
tity, by  treating  lead  chromate  with  potassium  chromate,  especially  on  boiling  the 
mixture ;  and  this  gives  the  possibility  of  attaining,  by  means  of  these  materials,  various 
tints  of  lead  chromate,  from  yellow  to  red,  passing  through  different  orange  shades.  The 
decomposition  which  takes  place  (incompletely)  in  this  case  is  as  follows :  2PbCr04  -J- 
K2CrO4=PbCr04,Pb0+K8Cr20i — that  is,  potasgium  dichromate  is  formed  in  solution. 
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the  oi'tlinary  acids,  it  gives  the  tliclironiate,  and  Graham  obtained  a 
IrieLtomate,  KjCrjOm^  KjCrOj,2CrO,,  by  mixing  a  sorution  of  the 
latter  salt  with  an  excess  of  niti'ic  add. 

Chromic  anhydiide  is  obtained  by  preparing  n  saturated  solution  of 
potDBfiiuu  dichromate  at  the  ordinary  temperature,  and  pouring  it  in  s 
thin  stream  into  an  equal  volume  <if  ptire  sulphuric  acid.*  On  mixing, 
the  temperature  naturally  rises ;  when  slowly  cooled,  the  solution 
deposits  cfaromic  anhydride  in  needle-shaped  crystals  of  a,  red  colour 
sometimes  several  centimetres  long.  The  crystals  are  freed  from  the 
mother  liquor  by  placing  theiu  on  a  porous  tile.  They  cannot  I>e 
tilteretl  or  washed,  because  the  chiomic  anhydride  is  reduced  by  the 
filter-paper,  and  is  dissolved  during  tlie  process  of  washing.  It  is  very 
important  at  tliis  point  to  call  attention  to  the  fact  that  a  hydrate  of 
chromic  anhydride  is  never  obtatned  in  the  decomposition  of  chromic 
compounds,  but  always  the  anJnjdr-ide,  CrO,.  The  corresponding 
hydrate,  CrO,Hi,  or  any  other  hydrate,  is  not  even  known.  Neverthe- 
less, it  uuat  be  admitted  thnt  chromic  acid  isbilnsic,  liecause  it  forms 
salts  isomorphous  or  perfectly  analogous  with  the  salts  formed  by 
sulphuric  acid,  which  is  the  best  example  oE  a  bibasic  acid.     It  gives 


'  Tb(9  snlphnric  bc\A  flhould  not  coalitiu  any  lovt&r  os\3,en  oF  jiiLrogeQ,  becauBc  they 
reduce  chromic  anhydride  Into  cbromic  oxidf , 

If  ■  bnlutlou  of  ft  chromAte  be  Btroii|;]y  ht^ted  iritb  nn  eTcPsa  of  iLpid^For  tD^toni^e. 
Bolphnric  or  bydiochlailic  acid — oxigen  or  cblorine  is  evolved,  and  it  •otntion  of  ■ 
cliTDniic  uh  IB  formed.  Hence,  under  Uiese  ciTcnmiliuicei.  chromic  ftuid  citnnot  be  ob- 
tained [nun  it«  sRlta,  ftlthoagh  it  nuy  be  obtnined  by  muif  nielboda  in  •  free  itsUt, 
One  of  the  flntmethodn  employed  oonaislf^  in  cnnvertin)!  its  iwltB  Into  volatile  chrwHtuiii 
hrxiijfuoriile.  CiFg.  This  compottod,  oblainad  by  UuFerdorbBn,  rany  bo  prepured  by 
iniiing  lead  chromate  witb  flunr  spar  in  a  dty  s-tate,  and  treating  the  miitn re  with  titmiuji 
■alphario  add  in  ■  plalinam  vessel:  FbCrO,-t-SCaF,  +  4HjSO,  =  PbS04-)-8Ca30i-t- 
«HtO  +  CiFn.  FDming  ■nlpbalic  add  ia  tnlcen,  and  in  considerable  eiceu,  becanae  the 
chiomiom  Bnorida  which  is  [oniied  ia  very  ensilj  decompoaed  by  water.  It  ia  volatile. 
and  foima  o  very  oaaitic,  poiaonow  vapour,  which  condonsea  when  coolisd  in  adry  platinnni 
veatel  iulo  a  red,  exceedingly  loUtile  liqnid.  vbich  tames  poRertntly  in  air.  The  vaponra 
nl  thia  anbatance  when  intndaced  into  water  are  decomposed  into  hydroBnoric  iwid  and 
rhromic  nnhydride :  CrF«  +  SH,0  ^  CvOj  *  nHF.  If  very  little  water  be  taken  the  bydio- 
flnorifl  nsid  volstiliaea.  and  cliramic  anhydride  aeparatea  directly  in  uryatals.  The 
cbloranhydride  of  cliromic  acid,  CrO,CI-,  whii^h  will  be  eliorlly  deacribed,  ia  also  decom- 
posed in  Iho  same  manner.  A  aolatiou  of  <!hromic  acid  and  »  pmcipitnte  ot  Iwriam 
sulphate  are  formed  by  treatiug  (he  insoluble  barium  ohromale  with  nil  Bijnivalent 
quantity  nf  snlphnric  g,cid.  If  earefalty  evaporated,  tlie  solution  yields  iryslala  of 
chromia  anhydride.  FriMisflie  gave  a  very  convenient  method  of  preparing  chromic 
anhydride,  bused  cm  Iha  relation  of  chromic  to  snlphnric  add.  At  the  ordinary  tem- 
perature tbe  strong  acid  disaolvei  both  cbromic  anhydride  and  potasaium  chromste,  hut 
if  a  Cartsin  amount  of  water  ia  added  to  the  aalnlian  the  chromic  anhydride  aeparales, 
and  it  tbe  amount  of  water  beinoreaied  the  precipitated  chromic  anhydride  ia  again  dia- 
Bolved.  The  chromic  anhydride  is  ahuoi^t  ail  separoted  from  tbe  aolnCion  when  it  coo- 
Mins  two  equivalents  of  water  to  one  equivalent  ol  ealphoric  aciil.  Many  methods  for 
I  of  elinnnic  onhjidride  ore  based  on  this  toot. 
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{when  heatod  with  sodium  cbloride  and  sulphuric  acid)  a  volatile 
chloranhydride,  CrOjCI^,  containing  two  atoms  of  chlorine  asn  biliMJC 
acid  should.'^  Chromic  anhydrirle  is  a  red  ci-ystallioe  substance,  vhich 
is  converted  into  a  black  mass  by  heat;  it  fuses  at  190",  and  disen- 
gitftes  oxygen  above  250",  leaving  a  residue  of  chromium  dioxide, 
CrOj,*  and,  on  still  further  heating,  chromic  oxide.    Chromic  anhydride 

■  Beraeliaa  nbuired,  and  Rose  curefnlly  iiiTeetigated,  Ihia  remdrbabli^  rPiurtina, 
whioli  DCcDra  between  chromic  Rcid  anrl  aodinin  chlurije  in  tbe  {irpWDce  of  snlpbnrie 
fLCiil.  If  10  piuts  ot  common  mit  be  mixed  icith  la  porta  ot  potmHimn  dicbiomnle,  fnwd, 
cooled,  ond  I)roken  np  into  lamps,  and  placed  in  a  rolort  wiOx  90  pKrtg  of  (uming  eol- 
lihnrit:  ncid,  it  givea  rise  to  a  violent  reiictioi],  accompuiiod  bj  UiB  formation  of  brown 
tantea  ot  ehromic  cMnranhyiiridr.  oi  rhromyl  ehlirride,  CrOgCli,  ncrordini;  to  tlie  n- 
itclion:  C[0,  +  aK*CUH,S0,^X&,9O,-l-H,0  +  Ci0,Cl,.  The  nddiboi  uf  mi  eicMt  ot 
satphuiic  acid  is  neceaearj  in  order  to  retun  tba  imter.  The  uune  (abataiiDe  is  ailw*;! 
fomied  when  n  metallio  chloride  is  heKtpd  with  rhiomic  luid,  or  ot  its  ealtt,  in  lb« 
pretenM  of  aalphuric  »id.  The  tonnslion  of  this  roUtile  inbHtknce  is  eanlr  otwened 
from  the  bnwn  mlnni  which  is  proper  to  its  mpoar.  On  condanainK  the  yiiiKnir  in  « 
dry  receiver  a  liqnid  ia  obtained  havio);  i,  up,  gc,  ol  I'D,  boiling  at  118''.  uid  giring  k 
vapour  whoae  denaitj,  Mmpared  with  lijdrogen,  ia  7*9,  which  correaponds  with  Ibe  abovs 
formal*.  Cbromyl  chloride  !«  decomposed  bj  beat  into  chromic  oxide,  oiygm,  ui4 
chlorine:  9Cr09Cl,-Cr9O,  +  3CI,  +  O  r  ao  that  it  ia  able  to  act  simnltaneuusly  as  > 
powerful  oxidieing  and  chloriniaint;  ^^ent.  which  is  tak^n  advantage  of  in  the  iuveetijn- 
tioii  of  many,  and  oapecially  of  orguijie,  aubstonoea.  When  treated  with  water,  this  snb- 
stnnce  Arat  Folia  lo  the  bottom,  and  is  then  decomposed  into  hydrochloric  lUid  chromie 
acids,  like  all  chlonuihydridee:  CrOjClj  +  HsO^CiO.  +  SHCl.  When  brooghl  ialo  con- 
tact with  infiommable  aabstancee  it  ecta  fire  to  them  ;  it  acts  thna,  for  inctatiK,  on 
phosphorUB,  aalphar,  oil  of  torpentine,  ammonia,  hydrogen,  and  other  sabatoncea.  lb 
attracts  moiatoie  from  the  atmosphere  with  great  energy,  and  mnat  therefore  be  kept  in 
closed  veaaela.  It  diasolves  iodine  and  chlorine,  and  oven  fuima  a  solid  compODnd  with 
the  Utter,  which  perhaps  indicates  tha  faculty  of  chromium  to  loim  its  higher  oiide, 
Ct^Oj.  The  close  analogy  in  the  physical  properties  of  the  cbloranhydrides,  CrOiCli  and 
80]Cl|,  is  very  remarkable,  although  sulphurous  anhydride  is  a  gas,  and  the  correaponding 
Diide,  CrOii  ia  a  non-roUlile  solid.  lb  may  be  imafined,  therefore,  that  chromium  di- 
oxide (which  will  be  mentioned  In  the  JoUowiD)!  noletpnwents  a  polymerised  modification 
of  tha  substunce  having  the  compoaitiuo  CrOj ;  in  (act,  this  is  obvious  from  the  method 
of  its  lomuition. 

If  three  parts  ot  potasaium  dicliTomBl«  be  mixed  with  four  parts  of  strong  hydrochloric 
acid  and  a  small  quantity  of  water,  and  gently  warmed,  then  it  all  passes  into  solution,  and 
no  chlorine  ia  evolved ;  on  cooling,  the  liquid  depoaita  red  prismatic  crystals,  known  ai 
Fdij/ofi  lalf.  which  are  very  stable  in  air.  This  bos  the  composition  KClCrO,,  and  ia 
formed  according  to  the  equation  K.,Cr,0;  *  2HCU  BKClCrOj-f-  H,0.  It  ia  evident  thot 
this  is  the  first  chloranhydride  ol  abrom  ic  acid,  HCtO^.CI.  in  which  the  hydrogen  is  replaced 
bypotassfnm.  Itiadecomposedbywater.andon  evaporation  theaolntion  yields  potassium 
didiromate  and  hydrochloric  acid.  This  is  a  fresh  instance  of  the  reversible  reactions  so 
frequently  enconnteied.  With  anlphn  ric  acid  Peligot's  salt  forme  chromyl  ohtoride.  The 
latter  ciicamatance,  and  the  fact  that  Geuthfr  produced  Peligot's  salt  from  potassium 
cbromale  and  cbromyl  chloride,  give  reason  (or  thinking  that  it  is  a  compound  of  these 
two  BubsUnocs:  SKClCiOi^KjCrO, -^CrO.jCI,.  It  ia  alto  aometimes  regarded  oa 
potaaainm  dichromote  in  which  one  atom  of  oxygen  is  replaced  by  chlorine — thai  ia, 
K,Cr.,0,Cl„  correapanding  with  K^Cr^Oj.  When  heated  it  parts  with  all  its  cblonnc, 
and  on  further  besting  gives  chromic  c-iide. 

*  This  is  the  most  intermediate  degree  of  aiidalion-  Chromiam  dioxide,  CrO],  limy 
be  obtained  by  mixing  solutions  ol  cliromic  aolta  with  solutions  of  tihromatee.    Tlie 
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is  exceedingly  soluble  in  water,  and  even  uttracta  moisture  froni  the 
nir,  but,  as  was  mentioned  above,  it  does  not  form  any  definite  com- 
jMund  with  water.  The  specific  gravity  of  its  crystals  is  2'7,  and  when 
fused  it  has  a  specific  gravity  2-6.  No  heat  effect  is  observable  in  the 
n^t  of  solution  in  water.  The  solution  presents  perfectly  defined  acid 
properties.  It  liberates  carbonic  anhydride  from  carbonates ;  gives 
insoluble  precipitates  of  the  chromates  with  salts  of  barium,  lend,  silver, 
and  mercury. 

The  action  of  hydrw/en  puroxide  on  a  solution  of  chromic  acid  or 
of  potassium  dichromate  gives  a  bf-ue  solution,  which  very  quickly 
becomes  colourless  with  the  disengagement  of  oxygen.  Barreswil 
ahowe<l  that  tliia  is  due  to  the  formation  of  a  higher  oxide  of  thro- 
miuni,  Cr^O;,  corresponding  with  sulphur  peroxide.  This  peroxide 
is  remarkable  from  the  fact  that  it  very  easily  dissolves  in  ether 
and  i.s  much  more  stable  in  this  solution,  so  that,  by  shaking  up 
hydrogen  peroxide  mixed  with  a  snia,ll  quantity  of  chromic  acid,  witli 
ether,  it  is  possible  to  transfer  all  the  blue  substance  formed  to  the 
ether. 

With  oJtygen  actds.  chromic  acid  evolves  oxygen  ;  for  example,  with 
sulphuric  acid  the  following  reaction  takes  place  :  2CrOj  +  3HjSO,= 
Crj(S0,),  +  0j+3H,0.  It  will  be  readily  understood  from  this  that 
ti  mixture  of  eJiromic  acid  or  ila  naHa  with  sulphnrie  acid  forms  an 
pxcellent  oxidising  agent,  which  is  frequently  employed  in  chemical 
laboratories  and  even  for  technical  purposes  as  a  means  of  oxidation. 
Thus  hydrogen  sulphide  and  sulphurous  anhydride  are  converted  into 
sulphuric  acid  by  this  means.  Chroniio  acid  is  able  to  act  as  a  power- 
ful oxidising  agent  because  it  passes  into  chromic  oxide,  and  in  so 
doing  disengages  half  of  the  oxygen  contained  in  it :  2CrO,^ 
CrjOj  +  Oj.  Thus  chromic  anhydride  itself  is  a  powerful  oxidising; 
agent,  and  is  therefore  employed  instead  of  nitric  acid  in  galvanic 

hrcwn  precipitnte  lormed  mntiiiiii  a  campaimd,  Cr,0,,CiOi,  of  equivalent  aiutiiints  of 
niiile*  nnd  clinunie  unlijfilridos.  Probably  a.  portion  of  this  chromic  ncid  rvniaim  in 
Hilution.  The  reaction  is  mors  clanrly  wen  il  chromic  anbydrido  itult  or  a  dirbroDuIu 
be  takan.  The  bnurn  preeipiUte  at  ihrominm  dioiido  contains  water.  Tlie  same  mb. 
Btauce  ia  farmed  by  tbe  imperfect  deoiidation  of  tbromio  anbydride  by  Tarioai,  rvdai^in^ 
uilienta.  CbrDmic  oxide,  nhen  healed,  abnoiba  oxygen,  and  appeara  to  give  the  samH 
Bubataiice.  Cbromic  nitrsle,  vben  ignil«d,  nleo  giTea  this  snhHt«.iice.  When  Ibia  aab- 
aliDce  ia  healed  il  first  diaengaffea  water  and  then  oxyiten,  chromic  oxide  bvinR  left.  It 
eorreaponda  with  manganeae  dioxide.  CrjOsCrO,  =  8CrOg.  Krilger  tr«aled  ctiromium 
dioxide  with  a  mixtore  of  aodium  chloride  and  anlphnrie  acid,  and  found  that  chlorine 
gaa  was  evolved,  but  that  chromyl  chloride  waa  not  formed.  Under  the  action  of  littht, 
a  Bolation  of  chromio  acid  alio  dcposita  the  brown  dioxide.  At  the  ontiuar;  temperatare 
chromic  aahydride  leaves  a  brown  ataio  upon,  the  akin  and  tUaues,  which  probably  pro- 
(«eda  from  a  decompOBition  o(  the  aame  kind.  Chromic  anhydride  ia  aolnbte  in  alcohol  - 
oonhuning  water,  and  tliia  aolaticn  ii  deeompoaed  in  a  aimilai  manner  by  ti^l 
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batteries  (as  a  depolariser),  the  hydrogen  evolved  at  the  carbon  being 
then  oxidised,  and  the  chromic  acid  converted  into  a  non-volatile  product 
of  deoxidation,  instead  of  yielding,  as  nitric  acid  does,  volatile  lower 
oxides  of  offensive  odour.  Organic  substances  are  more  or  less  perfectly 
oxidised  by  means  of  chromic  anhydride,  although  this  generally 
requires  the  aid  of  heat,  and  does  not  proceed  in  the  presence  of  alkalis, 
but  generally  in  the  presence  of  acids.  In  acting  on  a  solution  of 
potassium  iodide,  chromic  acid  liberates  iodine,  six  equivalents  of  iodine 
being  evolved  for  every  three  equivalents  of  oxygen  liberated  ;  this  re- 
action may  be  taken  advantage  of  in  many  analyses,  as  the  quantity  of 
iodine  may  be  determined  with  accuracy.  If  chromic  anhydride  is 
ignited  in  a  stream  of  ammonia,  it  gives  chromic  oxide,  water,  and  nitro- 
gen. In  all  cases  when  chromic  acid  acts  as  an  oxidising  agent  in  the 
presence  of  acids  and  under  the  action  of  heat,  the  product  of  its  de- 
oxidation  is  a  chromic  salt,  CrX?,  which  is  characterised  by  the  green 
colour  of  its  solution,  so  that  the  red  or  yellow  solution  of  a  salt  of 
chromic  acid  is  then  transformed  into  green  solution  of  a  chromic  salt> 
derived  from  chromic  oxide,  Cr ^Oj,  which  is  closely  analogous  to  AljOj, 
Fe-jOg,  and  other  bases  of  the  composition  RjOj.  This  analogy  is  seen 
in  the  insolubility  of  the  anhydrous  oxide,  in  the  gelatinous  form  of 
the  colloidal  hydrate,  in  the  formation  of  alums,  of  a  volatile  chloride 
of  chromium,  &cJ 

'  As  a  mixiore  of  potassiam  dichromate  and  sulphuric  acid  is  usually  employed 
for  oxidation,  the  resultant  solution  generally  contains  a  double  sulphate  of  potas- 
ftiuni  and  chromium— that  is,  chrome  alum,  isomorphous  with  ordmary  alum — 
K-jCr  ,0;  +  4H.2S04  +  20HnO  =  O5  +  K.Cpo{S04)4.24IL;0  or  2(KCr(S04).2,12H.>0).  It  is  pre- 
pared by  dissolving  potassium  dichromate  in  dilute  sulphuric  acid;  alcohol  is  then  added 
and  the  solution  slightly  heated,  or  sulphurous  anhydride  is  passed  through  it.  On  the 
addition  of  alcohol  to  a  cold  mixture  of  i^otassium  dichromate  and  sulphuric  acid,  the 
gradual  disengagement  of  pleasant-smelling  volatile  products  of  the  oxidation  of  alcohol, 
and  especially  of  aldehyde,  CJlj^y,  is  remarked.  If  the  temperature  of  decomposition 
does  not  exceed  35',  a  violet  solution  of  chrome  alum  is  obtained,  but  if  the  tempera- 
ture be  higher,  a  solution  of  the  same  alum  is  obtained  of  a  green  colour.  As  chrome 
alum  requires  for  solution  7  parts  of  water  at  the  ordinary  temperature,  it  follows  that  if 
A  somewhat  strong  solution  of  potassium  dichromate  be  taken  (•!  parts  of  water  and  1^ 
of  sulplmric  acid  to  1  part  of  dichromate),  it  will  give  so  concentrated  a  solution 
of  chrome  alum  that  on  cooling  the  salt  will  separate  without  further  evaporation.  If 
the  liquid,  prepared  as  above  or  in  any  instance  of  the  deoxidation  of  chromic  acid, 
he  h fated  (the  oxidation  naturally  proceeds  more  rapidly)  rather  considerably,  for  in- 
Htanoo,  to  the  boiling-point  of  water,  or  if  the  violet  solution  already  formed  be  subjected 
lo  th«»  same  temi>erature,  then  it  acquires  a  bright  green  colour,  and  on  evaporation  the 
HAUU>  mixture,  which  at  lower  temperatures  so  easily  gives  cubical  crj'stals  of  chrome 
Ilium,  does  not  give  any  crystals  whatever.  If  the  green  solution  be  kept,  however, /or 
9^ierul  weeks  at  tlie  ordinary  temperature,  it  deposits  violet  crystals  of  chrome  alum. 
TIh»  jrreen  solution,  when  evaporated,  gives  a  non-crystalline  mass,  and  the  violet 
m-vuU  lose  water  at  100'^  and  turn  green.  It  nm<it  be  remarked  that  the  transition  of 
th-.'  jL'A'en  modification  into  the  violet  is  accompanied  by  a  decrease  in  volume  (Lejoq  do 


The  reduction  of  clironiicoxide— for  instance,  in  Eolution  with  rinc 
and  sulphuric  ^cid^leads  to  the  formation  of  chromous  oxide,  CrO,  and 

Boialiintlrui,  FaTre).  If  tlie  green  masa  formed  at  the  Uiglicr  lemperatnro  is  eviporaWd 
to  dryneiiB  and  bested  at  80'  in  a  carrent  of  air.  il  does  iint  retain  mar?  than  fl  eijni' 
vulenta  o!  nnler.  Hence  Luwel,  and  also  Schrotler,  L-Qiiuludecl  that  the  greeQ  and  tioiet 
inodiflcationB  ol  the  alum  depend  on  different  dep'eeB  uf  i<oDibination  icith  water,  which 
may  be  likened  to  tlie  different  cominunds  of  sodium  salpliate  with  water  und  to  th« 
dilTeretit  hydratea  of  ferric  oiide. 

HoweTET.  the  question  ia  this  case  is  not  so  simple,  M  wa  abaJl  aktlenfarda  ase. 
Kot  vhrome  ultun  alone,  bat  all  the  throintc  taili,  give  two,  if  not  three,  tarielift.  At 
leuit.  there  ia  no  doabc  about  the  exiBtenos  of  two — u  grei-H  and  a  violrl  modifiralioH. 
The  green  Dbicmic  ulta  ixe  obtained  \>y  beating  solutions  of  the  violet  aalba,  the  violet 
>oIution«  are  prodnoed  by  the  proloagod  keeping  of  solutiona  of  the  green  aalta.  The 
conTeiaioD  of  the  riolet  aalta  into  green  b;  the  action  of  heat  atread]'  indicates  ntho' 
cleorly  the  posoibility  of  explaining  the  different  inodificationa  by  their  containing  dit- 
fecent  proportion*  of  water,  and,  morcoTor,  of  the  green  aalts  having  a  leas  amount  of 
\nXeT  than  the  riolet.  However,  there  are  other  ecplanations.  Chromic  oxide  is  a  baae 
like  alumina,  and  is  therefore  able  to  give  both  ncid  and  basic  aalta.  It  is  supposed  that 
tho  iliDerenc«  between  the  green  and  violet  salt  b  is  dne  to  this  faot.  This  opinion  of 
EtUger  is  baaed  on  the  (act  that  alcohol  saparabeB  onC  a  salt  Irom  the  green  solution, 
which  contains  lea>  aalpharic  acid  tlian  the  nonuul  violet  salt.  On  the  other  hand, 
Luwel  showed  that  ^1  the  acid  cannot  b«  separated  from  the  green  chromic  salts  by 
BDitable  reagenle.  as  easily  as  it  can  be  ftom  the  same  solution  of  the  violet  salta ;  thus 
barium  salts  do  not  precipitate  uU  the  salphoric  acid  from  solutiona  of  the  green  salta. 
According  to  other  researches  (he  cause  of  the  rariitivs  of  the  chromic  salts  lies  in  a 
diSerenoe  in  the  baaaa  they  contain— that  is,  coi^n  H:teil  with  a  modification  of  the  pro- 
perties ol  the  oxide  ol  chromiam  itself.  However,  (his  only  refers  to  the  hydroiidea, 
and  aa  hydroxides  themaelves  are  only  special  fonns  of  salta,  the  differences  obaerved  a* 
yet  in  this  direction  between  the  hydroxides  only  confirm  the  generality  of  the  dithren  -e 
observed  in  the  chromic  aompounde. 

The  salhi  ol  chromic  oxide,  like  those  of  alumina,  are  easily  decomposed,  give  basic 
and  double  salts,  and  have  an  acid  reaction,  as  chromic  oxide  is  a  feeble  base.  Potas- 
ainm  and  sodium  hydroxides  give  a  pnoipUalt  o!  the  hydroxide  with  chromic  salts, 
CrX;.  The  vioUl  and  grean  salt*  give  a  hijiTroeide  tolnble  in  an  rxcai  of  Iha 
reagititt-,  but  the  hydroxide  is  held  in  solution  by  \'ery  feeble  affinities,  so  that  it  ia 
partially  separated  by  beat  and  dilution  with  Hater,  and  completely  ao  on  boiling. 
In  au  alkaline  solution,  chromic  hydroxide  is  easily  converted  into  chromic  acid 
liy  the  action  of  lead  dioxide,  chlorine,  and  other  oxidising  ageuts.  II  the  chromio 
oxide  occurs  together  with  such  oxides  as  magnesia,  or  sine  oxide,  then  on  precipitation  it 
ae)nratBB  out  from  its  solution  in  combination  with  these  oxidat,  forming,  for  example, 
ZnO,Cr^I.  In  the  presence  of  SO  parts  of  ferric  oiide,  100  parts  of  chromic  oxide  be- 
come insoluble  in  alkali  hydroxides.  On  precipitating  the  violet  solution  ••t  chrome 
alom  with  ammonia,  a  precipitate  containing  CiiOj.aH-jO  is  obtained,  whilst  in  the  preci- 
)iilation  from  the  boiling  solution  in  caustic  potash  a  hydrate  containing  lour  equivaleiila 
ol  water  is  obtained.  When  fused  <rith  borax  chroniicsalts  give  a  green  glnea.  The 
wune  coloration  is  commnnicnted  lo  ordinary  glass  by  the  presence  ol  tracea  of  chromio 
oxide.  A  chronie  gtaas  conlniniiig  a  large  amount  of  chromio  oiide  may  be  ground  up 
Aud  used  as  a  green  pigment. 

In  Bpeaking  of  the  chromium  hydroiide,  it  is  impoBsiblo  not  lo  mention  Guignrfi 
gnrn.  which  lonns  one  ol  the  widely-used  green  pigments  which  have  been  snbstituled 
lor  the  formerly  much  nsad  poisonous  arsenical  copper  pigments,  such  as  Sohweinfurl 
green.  Ouignet's  green  has  an  extremely  blight  green  colonr,  and  is  diatingnished  for 
its  great  atability.  not  only  under  the  action  of  ligbt  hnt  also  towards  reagents;  thus  it 
ia  not  altered  by  solution  ol  alkalis,  and  even  niliic  acid  does  not  act  on  it,  at  least  not 
VOL.  II,  T 


274  PRINCIPLES  OF  CHEMSTRY 

its  salts,  CrXo,  of  a  blue  colour.  The  further  reduction  of  oxide  of 
chromium  and  its  corresponding  compounds,  givesr  metallic  chromium, 

when  diluted  with  water.  This  pigment  remains  unchanged  ap  to  a  temperatnreof  250^; 
it  contains  Cr20.-.,2H0.2,  and  generally  a  small  amount  of  alkali.  It  ia  prepared  by  fusing 
8  parts  of  boric  acid  with  1  part  of  potassium  dichromate ;  oxygen  ia  disengaged,  and 
a  green  glass,  containing  a  mixture  of  the  borates  of  chromium  and  potassium,  is  obtained. 
"When  cool  this  glass  is  ground  up  and  treated  with  water,  which  extracts  the  boric 
acid  and  alkali,  and  leaves  the  above-named  chromic  hydroxide  behind.  This  hydroxide 
only  parts  with  its  water  at  a  red  heat,  leaving  the  anhydrous  oxide. 

The  chromic  hydroxides  lose  their  water  by  ignition,  and  in  doing  so  become  spon- 
taneously incandescent,  like  the  ordinary  ferric  hydroxide  (Chap.  XXII.).  It  is  not 
known,  however,  whether  all  the  modifications  of  chromic  oxide  show  this  phenomenon. 
The  anhydrous  chrofnic  oxide,  Cr^O^,  is  exceedingly  difficultly  soluble  in  acids,  if  it 
has  passed  through  the  above  recalescence.  But  if  it  has  parted  with  its  water,  or  the 
greater  part  of  it,  and  not  yet  undergone  this  self-induced  incandescence  (has  not  lost  a 
portion  of  its  energy),  then  it  is  soluble  in  acids.  It  i«  not  reduced  by  hydrogen-  It  is 
easily  obtained  in  various  crystalline  forms  by  many  methods.  The  chromates  of  mer- 
cury and  ammonium  give  a  very  convenient  method  for  its  preparation,  because,  when 
ignited,  they  leave  chromic  oxide  behind.  In  the  first  instance  oxygen  and  mercury  are 
disengaged,  and  in  the  second  case  nitrogen  and  water:  2HgoCr04  =  Cr...O.-;-f-0.'i-f  4Hg  or 
(NH4).2Cr.207  =  Cr.j0.n-!-4H.70-»-N2.  The  second  reaction  is  very  energetic,  and  the  mass 
of  salt  bums  spontaneously  if  the  temperature  be  sufficiently  high.  A  mixture  of  potas- 
sium sulphate  and  chromic  oxide  is  formed  by  heating  potassium  dichromate  with  an 
equal  weight  of  sulphur :  K-iCrnO-;  -»-  S = K.jSOi  -»-  Cr.jO.-..  The  sulphate  is  easily  extracted 
by  water,  and  there  remains  a  bright  green  residue  of  the  oxide,  whose  colour  is  more 
brilliant  the  lower  the  temperature  of  the  decomposition.  The  oxide  thus  obtained  is 
used  as  a  green  pigment  for  china  and  enamel.  The  anhydrous  chromic  oxide  obtained 
from  chromyl  chloride,  CrOjCl^,  has  a  specific  gravity  of  5*21,  and  forms  almost  black 
crystals,  which  give  a  green  xwwder.  They  are  hard  enough  to  scratch  glass,  and  have  a 
metallic  lustre.  The  crystalline  form  of  chromic  oxide  is  identical  with  that  of  the  oxid^ 
of  iron  and  alumina,  with  which  it  is  isomor|)hons. 

The  most  important  of  the  compounds  corresponding  with  chromic  oxide  is  chromic 
chloride,  Cr^Clfl,  which  is  known  in  an  anhydrous  and  in  a  hydrated  form.    It  resembles 
ferric  and  aluminic  chlorides  in  many  resx>ect8.     There  is  a  great  diflference  between 
the  anhydrous  and  the  hydrati'd  chlorides  J  the  former  is  insoluble  in  water,  the  latter 
easily  dissolves,  and  on  evaporation  its  solution  forms  a  hygroscopic  mass,  which  is  very 
unstable,  and  easily  evolves  hydrochloric  acid  when  heated  with  water.     The  anhydrous 
form  is  of  a  violet  colour,  and  Wohler  gives  the  following  method  for  its  preparation :  an 
intimate  mixture  is  prepared  of  the  anhydrous  chromic  oxide  with  carbon  and  organic 
matter,  and  charged  into  a  wide  infusible  glass  or  porcelain  tube  which  is  heated  in  a 
combustion  furnace ;  one  extremity  of  the  tube  communicateft  with  an  apparatus  generat- 
ing chlorine,  which  is  passed  through  several  bottles  containing  sulphuric  acid  in  order 
to  perfectly  dry  it  before  it  roaches  the  tube.     On  heating  the  portion  of  the  tube  in 
which  the  mixture  is  placed  and  passing  the  chlorine,  a  slightly  volatile  sublimate  of 
chromic  chloride,  CrCl;  or  Cr2Cl6,  is  formed.    This  substance  forms  violet  tabular 
crystals,  which  may  bo  distilled  in  dry  chlorine  without  change,  but  which,  however,  re- 
quire a  red  heat  for  their  volatilisation.     Tliese  crystals  are  greasy  io  the  touch  and  in- 
soluble in  water,  but  if  they  be  rubbed  and  boiled  in  water  for  a  long  time  they  pass 
into  a  green  solution.    Strong  sulphuric  acid  does  not  act  on  the  anhydrous  salt,  or 
only  acts  with  exceeding  slowness,  like  water.     Even  aqua  regia  nnd  other  acids  do  not 
act  on  the  crystals,  and  alkalis  only  show  a  very  feeble  action.     The  specific  gravity  of 
the  cr>'stftls  is  2*99.    When  fused  with  sodium  carbonate  and  nitre  they  give  sodium 
chloride  and  potassium  chromate.  and  when  ipntod  in  air  they  form  green  chromic  oxide 
gmd  evolve  chlorine.     "V\Tien  ignited  in  a  stream  of  ammonia,  chromic  chloride  forms 
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Deville  obtained  it  by  reducing  chromic  oxide  with  carbon,  st  a, 
tempemture  suFBci^ntly  high  to  fuse  platinum,  but  the  metal  itself 

Ml-amDi(inilic*ndi?hTnmmitinttridG,CrN(rula1ogonstothenitrii]eaBl4,A1>f).  McnbergHiid 
Peligot  shoved  that  vlien  chromic  cbloi-Ids  in  igniteil  in  hjdrogen,  it  jniUvitfa  ane-lhird 
nt  its  chlniiw,  FnrouDg  chromaiiB  ebluride,  CrCLi — thftt  \i,  there  ii  formad  fram  &  com- 
poODd  coneapDnding  irith  chromic  oxide,  CtjO^  m,  coniponnd  BliBirering  to  the  mboxide, 
t^hromoaii  oxide.  CrO— just  au  hjidiogen  converta  ferric  chloride  into  ferrouB  chloride  vitli 
the  ftid  of  hoat.  Chrontnit  chlKTi'lri,  CVClj,  forms  ctloorlaBB  cryitaJB  which  are  eaiUy 
ftolahle  in  vater,  and  m  diaeolving  evolve  a  ci>D«derable  amount  of  heat,  and  form  a 
bine  liquid,  which  ia  capable  ol  ahanrhing  oijrgen.  Irooi  the  air  with  groat  facilitj-.  &ud 
then  pasEBS  into  n  chromic  componnd. 

The  bloeMtlntionofchionioua  chloride  may  hIro  he  ohtuned  bj  the  actionof  melnlUu 
zino  on  thegrceti  aolalion  of  the  hydr&ted  clironiic  chloride;  the  zinc  in  tbi>  caae  Ukcs 
xip  chlorine  jnat  a«  the  bjdrogeii  did.  It  mast  bs  employed  in  a  large  excess.  Chromic 
oxide  ia  alio  formed  in  the  action  of  sine  on  chmmic  chloride,  and  it  the  solution  remain 
fnr  a  long  time  in  contact  with  the  zinc  the  whole  of  the  chromiom  is  converted  into 
chromic  niycliloridc.  Other  chromic  salts  i>re  also  reduced  fay  lino  into  chromoiit  tallt, 
jnsl  M  the  ferric  units  are  converted  into  ferrouB  salts  by  it.  Tile  chromouB  salts  are 
vxcecdingly  nnstable  and  easily  oxidise  and  pass  into  chromic  Balls;  heuce  the  redoclng 
power  of  these  salts  ia  very  great.  From  cupric  ealta  Uiey  separate  cuproDa  saJta.  from 
Btannona  salts  they  prec[]>itnte  metallic  tin.  they  reduce  mercuric  salts  into  aieroarous 
and  ferric  into  terrons  salts.  With  potassium  chromate  they  give  a  brown  precipitate 
at  chromimn  dioxide  or  of  chromic  oiido.  according  to  the  relative  amounts  of  the  anb- 
Btancea  taken  :  CrO.,  +  CrO  =  aCrOs  or  CrO,  +  SCrO  =  aCrjO,.  Aqueous  ammonia  gives 
K  blae  precipitate,  and  in  the  presence  o(  lunmotiiaGal  salts  a  blue  lliiuid  is  obtained 

comipounds  analoguas  to  those  given  by  cobalt  [Cliap.  XSII.).  A  solalion  of  cbromoa^ 
chloride  with  a  hot  aatarated  aolation  of  aodiam  acetate.  C,H,iNaO,,  gives,  oa  cooling, 
transparent  rcdcrystals  of  chromous  acetate,  C,HaCrO,,HjO.  This  salt  is  alao  apower- 
fnl  redncing  agent,  but  maybe  kept  for  a  longtime  in  a  vesael  full  of  carbonic  anhydride. 
The  insoluble  anhydrous  chromic  ehloridt  very  easily  jMMf«i«(o«j/u(ioH  in  the  pre- 
iwnce  of  a  trace  (01KM)  of  chromout  ehloride.  This  ramarkablo  phsnomenoD  waa  oli- 
served  by  Peligot  and  explained  by  Liiwel  in  the  following  nuuiner :  ohromons  chloride, 
Be  a  lower  stage  of  oxidation,  is  capable  of  absoibing  both  oxygen  and  chlorine,  combin- 
ing with  varinns  Bubstaoces.  It  is  able  to  decompose  mjtny  chlorides  by  taking  up 
chlorine  from  them  ;  thue  it  precipitates  mercurons  chloride  from  n  solution  of  mercuric 
chkitide.and  in  so  doing  passes  into  Ghromiccblaride:9CrCL,+SHgCI,^Cr3CIg'haHgCI. 
Let  HI  nippose  that  the  aame  phenomenon  takes  place  when  the  anhydrous  chromic 
chloride  i*  mixed  with  a  solution  of  chromous  chloiride.  The  latter  will  then  take  np  a 
portion  of  the  chlorine  of  the  former,  and  pass  into  a  soluble  hydrate  of  olitomic  chloride 
(hydrochloride  of  oxide  of  chromium),  and  the  original  anhydroua  chromic  chloride  will 
pan  into  chromooa  chloride.  The  chromous  chloride  re-fonned  in  this  manner  will  tlien 
ad  on  a  freah  quantity  of  the  chromic  chloride,  and  in  this  manner  transfer  it  entirely 
Into  aolntion  aa  hydrate.  Tliinripw  is  confirmed  by  the  fact  that  other  chlorides,  cap  ible 
of  absorbing  chlorine  like  cbromoas  chloride,  aim  induce  the  solution  of  the  insolub'e 
chroinie  ehlnride — for  example,  ferrous  chloride,  FeCLj,  and  cuprous  chlnricle.  The  pre- 
aenee  of  xinc  also  aids  the  iololion  of  chromic  chloride,  owing  to  its  conrerting  a  portion 
of  It  intn  chromous  chloride.  The  solution  of  chromic  chloride  in  water  obtained  by 
tliese  methods  is  perfectly  identical  with  that  which  is  formed  by  dissolving  chromic 
hydroxide  in  hydrochloric  acid.  On  evaporating  the  green  tolulion  obtained  in  thia 
manner,  it  givea  a  green  mats,  oontaiuing  water.  On  further  beating  it  leavei  a  aolubla 
chromic  oxychloride,  and  when  ignited  it  Grtt  forms  an  insoluble  DXyt^kloride  and  llten 
obtomie  oxide;  but  no  anhydrous  chromic  chloriile.  Cr.,Clg,  is  forraeil  by  heating  Uiv 
Di  adution  ol  chromic  chloride,  which  forma  an  important  fact  ia  favour  Of  ibii 
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does  not  fuse  at  this  temperature.  The  same  metal  obtained  by  other 
chemists  has  a  steel  grey  colour  and  is  very  hard.  Bonsen  obtained 
metallic  chromium  by  decomposing  a  solution  of  chromic  chloride, 
CrgClg,  by  a  galvanic  current,  as  scales  of  a  grey  colour.  Wohler 
obtained  crystalline  chromium  by  igniting  a  mixture  of  the  anhydrous 
chromic  chloride  With  finely-divided  dnc,  and  sodium  and  potassium 

representation  that  the  green  sola  Mm  of  chromic  chloride  is  nothing  else  but  hydro- 
bhlorid^  of  oxide  of  chromium.  At  100^  the  composition  of  the  grean  hydrate  is 
Cr^Clc.tOH20,  and  on  evaporation  crystals  are  obtained  with  12  equivalentB  of  water ;  the 
red  mass  obtained  at  120°  contains  Cr.20^,4Cr2Cl«,24H.20.  The  greater  portion  of  it  is 
soluble  in  water,  like  the  mass  which  is  formed  at  150^.  The  latter  contains 
Cr!20s,2Cr.2Cl<,,9ll.20«=8(Cr.20Cl4,8H30)— that  is,  it  presents  the  same  composition  as 
chromic  chloride  in  which  one  atom  of  oxygen  rei)laces  two  of  chlorinet  And  if  the  hydrate 
of  chromic  chloride  be  regarded  as  Cr.jO.^,6HCl,  then  the  substance  which  is  obtained 
should  be  regarded  as  Cr203,4HCl  combined  With  Water,  H3O.  The  addition  of  alkalis — 
for  example,  baryta— -to  a  solution  of  chromic  chloride  immediately  produces  a  precipitate, 
which,  however,  re-dissolves  on  shaking,  owing  to  the  formation  of  one  of  the  oxychl<mdes 
just  mentioned,  which  may  be  regarded  as  basic  salts.  Thus  we  may  represent  the 
product  of  the  change  produced  on  chromic  chloride  under  the  influence  of  water  and 
heat  by  the  following  formuled :  first  Cr^OsjCHCl  or  Cr^Cl^jSH^iO  is  formed,  then 
Cr205,4HCl,H.20  or  Cr^OCU.SHjO,  and  lastly  Cra05,2HCl,2H20  or  CraOaCl^SHaO.  In 
all  three  cases  there  are  2  equivalents  of  chromium  to  at  least  8  equivalents  of  water. 
These  compounds  may  be  regarded  as  being  intermediate  between  chromic  hydroxide 
and  chlbride ;  chromic  chloride  is  Cr^Cl^;,  the  first  oxychloride  Cr2(OH)<}Cl4,  the  second 
Cr<j(OH)4Cl2,  and  the  hydrate  CraCOH)^— that  is,  the  chlorine  is  replaced  by  hydroxyl. 

It  is  very  important  to  remark  that  the  whole  of  the  chlorine  in  the  above  compounds 
is  not  precipitated  from  their  solutions  by  silver  nitrate ;  thus  the  normal  salt  of  the 
composition  CrXl^tOHoO  only  gives  up  two-tliirds  of  its  chlorine;  therefore  Peligot 
6upi)oses  that  the  normal  salt  contains  the  oxychloride  oorabined  with  hydrochloric  acid: 
Cr^Clfl +  211.20  =  0^202012,41101,  and  that  the  chlorine  held  as  hydrochloric  acid  reacti 
with  the  silver,  whilst  that  held  in  the  oxychloride  does  not  enter  into  reaction,  just  as  we 
observe  a  very  feebly-developed  faculty  for  reaction  in  the  anhydrous  chromic  chloride. 
Moreover,  Peligot  supposes  tliat  the  above  two  oxy chlorides  are  formed  by  the  successive 
loss  of  first  two,  and  then  tWo  more,  molecules  of  hydrochloric  acid.  Lowel  obtcUned  the 
violet  solution  of  hydrochloride  of  chromic  oxide  by  decomposing  the  violet  chromic 
(.ulpliate  with  barium  chloride.  Silver  nitrate  precipitates  all  the  clilorine  from  this 
violet  niodification  ;  but  if  the  violet  solution  be  boiled  and  so  converted  into  the  green 
modificHtioii,  silver  nitrate  then  only  precipitates  a  portion  of  the  chlorine.  These  facts 
must  naturally  be  taken  into  consideration  in  order  to  arrive  at  any  complete  decision 
AH  to  the  cause  of  the  difiEerent  modifications  of  the  chromic  salts.  "We  may  observe 
that  the  f^rtew  modification  of  cliromic  cliloride  does  not  give  double  salts  with  the 
metallic  chloride  h,  whilst  the  violet  variety  foims  compounds  Cr.201o,2R01  (where  R=an 
alkali  metal),  wl)i<  h  are  oMained  by  heating  the  chromat<?8  with  an  excess  of  hydrochloric 
acid  and  evapc rating  the  solution  uhtil  it  acquires  a  violet  colour.  As  the  result  of  all 
the  existing  leseorchea  on  the  grten  and  violet  chromic  salts,  it  appears  to  me  most 
probable  tl.at  their  difference  is  determined  by  the  feeble  basic  character  of  chromic 
oxide,  by  its  faculty  of  giving  basic  salts,  and  by  the  colloidal  properties  of  its  hydroxide 
(tliese  three  properties  are  mutually  connected),  and  it  may  therefore  be  said  that  the 
green  niocafications  contain  basic  salts,  or  are  the  violet  salts  in  a  state  of  dissociation. 

We  n'.ttv  liere  observe  that  with  tin  tlie  chromic  saltp,  OrXj,  give  at  low  temperatures 
CrX.2  and  SnX...  whilst  at  high  temperatures,  on  the  contrary,  OrX2  reduces  the  metal 
from  its  salts  SnX2.  The  reaction,  therefore,  belongs  to  the  number  of  reversible  re- 
actions (Beketoff). 
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chlorides  At  the  boiling-point  of  zinc.  When  the  resultant  raosa  liaa 
cooled  the  zinc  way  be  disKolved  in  dilute  niti-ic  acid,  and  grey  crystal- 
line chromium  is  left  behind.  Fr^myalso  prepared  crystalline  chromium 
by  tho  action  of  the  vapour  of  sodium  on  anhydrous  chromic  chloride 
Q  a  stream  of  hydrogen,  using  the  apparatus  shown  in  the  accompany- 
ing drawing,  and  placing  the  sodium  and  chromic  chloride  in  separate 


porcelain  Iroats.  The  tube  containing  these  boats  is  only  heated  when 
it  is  quit«  full  of  dry  hydrogen.  The  crystals  of  mt-tallic  chromium 
obtained  in  the  tube  are  grey  cubes  having  a  considerable  hardness  and 
withstanding  the  action  of  powerful  acids,  and  even  of  aqua  regin. 
But  the  statements  of  otlier  i.iveatigators  do  not  entirely  agree  with 
these  facts.  The  chromium  o!>tained  by  Wohler  by  the  action  of  a 
galvanic  current  is,  on  the  contraiy,  acted  on  under  theise  circumstances. 
The  reason  of  this  diUerence  must  be  looked  for  in  the  presence  of 
impurities,  and  in  the  crystalline  structure.  The  chromium  obtained 
by  Wohler  had  a  specific  gravity  6'81.  Other  investigators  give 
diSereat  figures. 

The  two  analogues  of  chromium,  inolybdenum  and  tmu/Kfen  (or  wol- 
fram), are  of  still  rarer  occurrence  in  nature,  and  form  acid  oxides  HOj, 
which  are  still  less  energetic  than  CrO,.  Tungsten  occurs  In  the  rather 
rare  minerals,  K/ieelite,  CaWO,,  and  tcof/ram  ;  the  latter  being  an  iso- 
morphouB  mixture  of  the  normal  tungstates  of  iron  and  uiangunejie, 
pInFe)WO,.  Molybilenum  ia  most  frequently  met  with  as  nudyb- 
denilf,  MoS,,  which  presents  a  certain  resemblance  to  graphite  in  its 
physical  properties  and  softness.  It  also  occurs,  but  much  more  mrely, 
as  a  yellow  lead  ore,  PbMoO,,  In  both  these  forms  molybdenum 
occurs  in  the  primary  rocks,  in  granites,  gneiss,  Ac,  and  in  iron  and 
copper  ores  in  Saxony,  Sweden,  and  Finltind.     Tungsten  ores  are  some- 
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times  met  with  in  considerable  masses  in  the  primary  rocks  of  Bohemia. 
and  Saxony,  and  also  in  England,  America,  and  the  Urals.  The  pre- 
liminary treatment  of  the  ore  is  very  simple  ;  for  example,  the  sulphide, 
MoS.^,  is  roasted,  and  thus  converted  into  sulphurous  anhydride  and 
molybdic  anhydride,  M0O3,  which  is  then  dissolved  in  alkalis,  generally 
in  ammonia.  The  ammonium  molybdate  is  then  treated  with  acids, 
when  the  sparingly  soluble  molybdic  acid  is  precipitated.  Wolfram  is 
ti-eated  in  a  different  manner.  Most  frequently  the  finely-ground  ore  is 
repeatedly  boiled  with  hydrochloric  and  nitric  acids,  and  the  resul- 
tiint  solutions  (of  salts  of  manganese  and  iron)  poured  off,  until  the 
dark  brown  mass  of  ore  disappears,  whilst  the  tungstic  acid  remains, 
mixed  with  silica,  as  an  insoluble  residue  ;  it  is  treated  also .  with 
ammonia,  and  is  thus  converted  into  soluble  ammonium  tungstate,  which 
passes  into  solution  and  yields  tungstic  acid  when  treiited  with  acids. 
This  hydrate  is  then  ignited,  and  leaves  tungstic  anhydride.  The 
general  character  of  "molybdic  and  tungstic  anhydrides  is  analogous  to 
that  of  chromic  anhydride  ;  they  are  anhydrides  of  a  feebly  acid 
diameter,  which  easily  give  polyacid  salts.'* 

I  ^  The  atomic  compoBition  of  the  tungsten  and  molybdenum  componndB  is  taken  as 
l)eing  identical  with  that  of  the  compoundR  of  8ulx>hur  and  chromium,  because  (1)  both 
these  metals  give  two  oxides  in  which  the  amounts  of  oxygen  per  given  amount  of  metal 
btiind  in  the  ratio  2:8;  (2)  the  higher  oxide  is  of  the  latter  kind,  and,  like  chromic 
and  sulphuric  anhydrides,  it  has  an  acid  character ;  (3J  certain  of  the  molybdates  are  iso- 
nioqihous  with  the  sulphates ;  (4)  the  specific  heat  of  tungsten  is  0*0834,  consequenily 
the  product  of  the  atomic  weight  and  specific  heat  is  G'15,  like  that  of  the  other  elements 
— it  is  the  same  with  molybdenum,  90*0  x  00722  =  C'0  ;  (5)  tungsten  with  chlorine  forms  not 
only  compounds  WClg,  WCI5  and  WOCI4,  but  also  WOjCl^,  the  analogue  of  chromyl 
chloride,  CrO^Clo,  and  sulphuryl  chloride,  SO-^Cl^,  a  volatile  substtince.  Molybdenum 
gives  the  chlorine  compounds,  MoCl..,,  MoCl^C?),  M0CI4  (fuses  at  194"*,  boils  at  268°; 
luroording  to  Debray  it  contains  MoCl^j),  M0OCI4,  MoOoCl.^,  and  Mo0.j(OH)Cl.  The  existence 
of  tungsten  hexachloride.WClo,  is  an  excellent  pnwf  of  the  fact  that  the t^'pe  SX^j  appears 
in  tlie  analogues  of  sulphur  as  in  SO.-,;  (G)  the  vapour  density  accurately  determined  for 
the  clilorine  compounds  M0CI4,  WClt;,  WCl^,  WOCI4  (Roscoe)  Iciues  no  doubt  as  to  the 
mohicular  composition  of  the  compounds  of  tungsten  ajid  molybdenum,  because  the 
observed  and  calculated  results  entirely  agree. 

Tungsten  is  sometimes  called  scheele  in  honour  of  Scheele,  who  discovered  it  in  1781 
and  molybdenum  in  1778.  Tungsten  is  al^o  known  as  wolfram  ;  the  former  name  was 
the  name  given  to  it  by  Scheele,  because  he  extracted  it  from  the  mineral  tlien  known 
as  tungsten  and  now  called  scheelite,  CaW04.  The  researches  of  Roscoe,  Blonistrand, 
and  others  have  subsequently  thrown  considerable  light  on  the  whole  history  of  the 
compounds  of  molybdenum  and  tungsten. 

The  ammonium  salts  of  tungstic  and  molybdic  acids  when  ignited  leave  tlie  anhy- 
drides, which  resemble  each  other  in  nniny  respects.  Tungatic  anhifdni!e,'WO^is  a. 
yellowish  substance,  which  only  fuses  at  a  strong  heat,  and  has  a  sp.  gr.  of  6*2.  It  is 
insoluble  in  both  water  and  acid,  but  soluti(ms  of  the  alkalis,  and  even  of  the  alkali  car- 
]>onates,  dissolve  it,  especially  when  heated,  forming  alkali  Sidts.  Mohjhdic  aiOnjdriile^ 
MoO.-„  is  obtained  by  igniting  the  acid  (hydrate)  or  the  ammonium  salt,  and  forms  a 
white  mass  which  fuses  at  a  red  heat,  and  solidifies  to  a  yellow  crystalline  mass  of  sp. 
gr.  3-5 ;  whilst  on  further  heating  in  open  veesels  or  in  a  stream  of  air  this  anhydride 
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Hvilrogen  reduces  molybdic  and  tungstic  anhydrides  at  n  i'*d  heat ; 
itiiil    this  forms  the   ntetins  of  obtaining    metallic    molybdenum  &nd 

aitbhrnn  in  pearlj  mlBS— this  enablea  it  to  be  obtained  in  a  pietty  pnre  Btal«..  Water 
iIih^Itl-b  it  in  Hmatl  quiui Cities— name) j,  1  part  requires  6U0  parts  ol  water  lot  il«  eolutirill. 
The  by<lrat«  of  molybdic  anhydride  an  loluble  alio  in  acidt  Ja  hydrate,  H,MoO„  it 
obtained  (rom  the  nitric  acid  eolntioa  of  the  ammoniaiD  aaLt),  whidh  fiimu  one  of  their 
diatiiictioni  haai  the  tUDgHtic  acida.  But  after  ignition  molybdic  uihydride  i*  iniotable 
iiiaFida,lilEelangiitiGU)b;dride;  BlkilisdiBgolve  this  anhydride,  easily  fortmiigmolybdntes. 
Polaaiiiiim  bitartraCe  diaaolTei  the  anhydride  with  the  aiil  of  heat.  None  of  the  ncid* 
y«t  DUUBidered  by  Da  form  w  many  diSerenC  salts  with  one  and  the  same  haae  lulkiji)  aa 
molybdiu  and  tnngstic  acids.  The  conipositiuii  of  tliuse  saltj,  and  their  properties  also, 
vary  uiusidetabl;.  The  DmAt  iuiporCsut  discovery  in  this  raBpeot  was  made  by  Margne- 
rite  and  Laurent,  who  showed  that  the  lalta,  whtth  coutitin  a  large  proportion  of  tangatic 
acid.  Ktt  awily  aolnble  iu  waiter,  aud  oni^rtbad  this  property  Id  the  tact  that  tongatic  acid 
may  b«  obtained  I'l  teceral  atalci.  The  common  Inngstatec,  obtninvd  with  an  excess  of 
.  alkali,  liavu  an  alkaliue  reiKtioD,  and  on  the  addition  of  snlphario  or  hydrochloric  acid 
fiitt  deposit  an  acid  salt  and  then  a  hydrate  of  luugatic  acid,  nhioh  is  insnlnble  in  both 
ivalei  and  acids;  but  if  instead  ol  tulpborio  or  hydrochloric  acids,  we  add  acetic  or  phoa- 
[ilioric  acid,  or  if  the  tangstate  be  saturated  trith  i4  trBsli  quantity  of  tUDgitic  acid,  which 
may  be  dune  by  boiling  tlie  uolutiou  of  the  alkali  salt  with  the  precipitatad  tungstic  acid, 

gire  a  jirecipitate  of  tuugstic  acid  at  the  ordinary  or  a  higher  teupentuie.  The  solation 
then  oontains  particular  salts  of  tangslic  acid,  and.  if  there  is  an  eioesi  of  acid  it  aim 
containH  lUDgvtic  acid  itself;  Lnureut,  Biche,and  others  called  it  mclatungilie  aiHd,  and 
i'.  i«  itlll  known  by  this  name.  Those  salts  whii^h  with  acids  immediately  give  the  in- 
ROloble  tangalic  acid  have  the  composition  mWO„  BHWO,,  whilst  those  which  give 
the  M)luble  metatungstio  acid  contain  a  far  greater  proportion  of  the  atnd  elements. 
Scheibler  obtained  the  (soluble)  metataugslic  acid  itself  by  treating  the  aoluble  batinni 
(nMlaJ  lalratungstate,  BaO,4WO,,  with  sulphuric  acid.  Subsequent  research  showed  the 
oiisteuce  of  a  similar  phenuuHiuou  (or  molybdic  acid.  There  is  no  doubt  tliat  this  is  a 
COM  of  colloidal  modifications. 

Many  chemists  have  occupied  themaelvet  with  the  ioTestigatinn  of  tlie  various  salt* 
lormed  hy  molybdic  and  tuugstic  acids.  The  tungstatea  bate  been  investigated  by 
Margnecite,  Laurent,  Marignac,  Biche,  SchBibler,  Anthon,  and  others.  The  molybdsles 
were  |iartiallj  studied  by  the  aame  chemiBta.  bat  cbieH;  by  Struve  and  Svauberg,  Dela- 
tuutaine,  and  others.  It  apjiears  that  for  a  given  amooat  ot  base  the  salts  contain  one  to 
cifdit  equiralents  of  molybdic  or  tnngstic  anhydride ;  i.e.,  it  the  base  have  the  compcsition 
BU,  then  the  highest  proportion  of  base  will  be  held  by  the  salts  of  the  composition  ROWOj 
ui  fiOMoO]— tlutt  is.  iu  those  salta  which  correspoud  with  the  normal  acids  HiWO^  and 
UjMoO,,  ol  the  ssuiu  uatole  a>  sntphoric  acid ;  but  there  also  eiiet  aalts  ol  the  composi- 
tion KO,aWOs,  RCaWOj  ....  B0,8W03.  The  water  conlaiucd  in  tliH  composition  of 
many  of  the  acid  salts  is  often  uot  taken  into  account  in  the  abjre._  The  properties  of 
the  sails  holding  different  pro|Kirtions  of  acid  rary  considerably,  bnt  one  salt  may  bo 
coiii-erted  lulu  another  by  tlie  addition  of  acid  or  base  with  great  facility,  and  the  greater 
the  proportion  of  the  elements  of  the  acid  in  a  salt,  the  more  stable,  williiu  a  certaiu 
limit,  is  its  solution  and  the  salt  itself. 

The  most  commuu  auimoniuni  mulybdate  bae  the  compoitltion  |NH,HO)„,HiO,TMaO,, 
(or,  according  to  Marignac  and  others,  NH,HMoOt).  It  is  pregursd  by  evaporating  on 
ammoniaoal  wlatioii  ol  molybdic  acid.  It  ia  omd  in  the  laboratory  for  precipitating 
phospburic  acid.  II  is  puiiUod  lor  this  purposa  by  mixing  its  •olnliuii  with  a  small 
qoantiiy  ol  magnesium  nitiate,  in  order  lo  i>recliii  tate  any  phosphorio  acid  present,  Sltet- 
iag,  and  Ihe.i  adding  nitric  acid  and  evaporating  to  dryness.  A  pure  ammmiinm  molyb- 
doM  tree  Irbu  pboapliDric  acid  may  then  l»  eitraetcd  from  the  residue. 
,  f  hoaphodo  a:9d  torms  iiuolable  compounds  with  the  oiidei  ol  nraninm  aod  Iron,  tin, 
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tungsten.      Both  metah  are  infusible.     Molybdenum  forms  a  grey 
powder,  which  scarcely  aggregates  under  a  most  powerful  heat,  and  has 

biBmath,  d:c.,  having  feeble  basic  and  even  acid  properties.  This  perhaps  depends 
on  the  fact  that  the  atoms  of  hydrogen  in  phosphoric  acid  are  of  a  vefry  diflFerent 
character,  as  we  saw  above.  Those  atoms  of  hydrogen  which  are  difficoltiy  r^>laeed 
by  ammoniom,  sodiom,  &c.,  are  probably  easily  replaced  by  feebly  energetic  acid 
groups — that  is,  the  formation  of  particnlar  complex  substances  may  be  expected  to 
take  place  at  the  expense  of  these  atoms  of  the  hydrogen  of  phosphoric  acid  and  d 
certain  feeble  metallic  acids;  and  these  substances  will  still  be  acids,  beoauie  the 
hydrogen  of  the  phosphoric  acids  and  metallic  acids,  which  is  easUy  replaced  by  metals, 
is  not  removed  by  their  mntnal  combination,  bat  remains  in  the  resaltaut  compound. 
Snch  a  conclusion  is  verified  in  the  photphomolyhdic  acids  obtained  (1888)  by  Debray. 
If  a  solution  of  ammonium  molybdate  be  acidified,  and  a  small  amount  of  a  solution  (it 
may  be  acid)  containing  orthophosphoric  acid  or  its  salts  be  added  to  it  (so  that  there  are 
at  least  -10  parts  of  molybdic  acid  present  to  1  part  of  phosphoric  acid),  then  after  a  period 
of  twenty-four  hours  the  whole  of  the  phosphoric  acid  is  separated  as  a  yellow  precipitate, 
containing,  howevef,  not  more  than  8  to  4  p.c.  of  phosphoric  anhydride,  about  8  px.  of 
ammonia,  about  90  p.c.  of  molybdic  anhydride,  and  about  i  p.c.  of  water.  The  formation 
of  this  precipitate  is  so  distinct  and  so  complete  tliat  this  method  is  employed  for  the  dis- 
covery and  separation  of  the  smallest  quantities  of  phosphoric  acid.  Phosphoric  acid  was 
found  to  be  present  in  the  majority  of  rocks  by  this  means.  The  precipitate  is  soluble 
in  ammonia  and  its  salts,  in  alkalis  and  phosphates,  but  is  perfectly  insoluble  in  nitric, 
sulphuric,  and  hydrochloric  acids  in  the  presence  of  ammonium  molybdate.  The  compo> 
sition  of  the  precipitate  appears  to  vary  under  the  conditions  of  its  precipitation,  but  its 
nature  became  clear  when  the  acid  corresponding  with  it  was  obtained.  If  the  above- 
described  yellow  precipitate  be  boiled  in  aqua  regia,  then  the  ammonia  is  destroyed,  and 
an  acid  is  obtained  in  solution,  which,  when  evaporated  in  the  air,  crystallises  out  in  yeUow 
oblique  prisms  of  approximately  the  composition  P.^O5,20MoO.'^,20H.^O.  Such  an  unusual 
proportion  of  component  parts  is  explained  by  the  above-mentioned  considerations.  In 
reality,  molybdic  acid  easily  gives  salts  R^OnMo03mH.20,  which  we  may  imagine  to  cor- 
respond to  a  hydrate  MoO..,(HO).2nMo05mHoO.  And  suppose  that  such  a  hydrate 
reacts  on  orthophosphoric  acid,  forming  water  and  comix)unds  of  the  composition 
MoO..,fHP04)yiMo03wH.20  or  yLoO^in^PO^irMoO^vi^iO  ;  this  is  actually  the  composi- 
tion of  phoBphomolybdic  acid.  Probably  it  contains  a  portion  of  the  hydrogen  replaceable 
by  metals  of  both  the  acids  H.^P04  and  of  H^MoO^.  The  above-cited  crystaUine  acid  is 
probably  H5MoP07,9Mo05,12H.20.  This  acid  is  really  tribasic,  because  its  aqueous 
solution  precipitates  salts  of  potassium,  ammonium,  rubidium  (but  not  lithium  and 
sodium)  from  acid  moIuHoMj  and  gives  a  yellow  precipitate  of  the  composition 
R3MoPO7,0MoO3,3H.2O,  where  R  =  NH4.  Besides  these,  salts  of  another  composition 
may  be  obtained,  as  would  be  expected  from  the  preceding.  These  salts  are  only  stable 
in  acid  solutions  (which  is  naturally  due  to  their  containing  an  excess  of  acid  oxides), 
whilst  imder  the  action  of  alkalis  they  give  colourlen  phosphomolybdates  of  the  compo- 
sition R5MoP07,Mo02,3H.20.  The  corresjwnding  salts  of  potassium,  silver,  anmionium, 
are  easily  soluble  in  water  and  crystalline. 

For  tungstic  acid  there  are  known:  (1)  Normal  salts— for  example,  K2WO4;  (2)  the 
so-called  acid  salts  have  a  composition  like  8K.>0,7W05,6HoO  or  KrtH,,(W04)7,aH.20  ;  (3) 
the  tritungstates  like  Na20,8W03,8H.20  =  Na,H4(\V04)r„Hob.  All  these  three  cUaaes  of 
salts  are  soluble  in  water,  but  are  precipitate<l  by  barium  chloride,  and  with  acids  in  solu- 
lion  give  an  insoluble  hydrate  of  tungstic  acid ;  whilst  those  salts  which  are  enumerated 
below  do  not  give  a  precipitate  either  with  acids  or  the  salts  of  the  heavy  metala,  because 
they  form  soluble  salts  with  even  barium  and  lead.  They  are  generally  called  meta- 
tungstates.  They  all  contain  water  and  a  larger  proportion  of  acid  elements  than  the 
preceding  salts;  (4)  the  tetratungstates,  like  NaoO,4WO.-.,10HoO  andBaO,4W03,9H.Afor- 
example;  (5)  the  octatungstates— for  example,  NaaO,bWQ5,24H20.    As  the  metatung- 
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a,  specific  gravity  of  8*6.  It  is  not  acted  on  by  the  air  at  the  ordinary 
temperature,  but  when  ignited  it  is  lirat  converted  into  a  brown,  and 

wiih  iin  aria,  SHjO,4WO;^tli>t  is,  H,W,b,s— it  is  sappoaed,  oJtUough  without  moch 
groaad,  that  theve  bbIIa  uotitaiu  a  p&rtiuulAr  iv>1alile  mutatmigHtia  acid  of  tbe  compoutiou 
H«WtO„.  Thia  ironld  be  likely  if  there  were  astnaUy  knowu  to  eiiat  ulla  81^0,4^03^ 
HnW,0,„  giviuga  Holnble  tangstic aoid,  but  even  ttose  in  wbich  the  ratio  ia  tHa^O :  IWOj 
lUready  give  an  inioluble  lan)f>tic  add,  and  a  small  quantity  of  alkiill  oonverta  the 
metn-Halta  into  Che  ordinary  aalla. 

As  ■□  example  we  will  proceed  to  give  ti  (hart  deicription  ot  tbe  sodinm  sattn.  The 
unnuriJ  salt,  KajWO,,  is  obtained  by  heating  a  alrong  solution  ol  sodiDiD  cacboDiile  with 
tungatia  uid  to  a  temperatnro  of  SO" ;  il  th«  wlution  be  littered  hot,  it  cryatallixes  in 
rhombic  tiboUr  cryslnU,  having  the  i-omposition  Nii.,WOt,aH,0,  which  remain  onchauged 
in  the  ail  nod  are  easily  eolable  in  water.  When  this  salt  is  fused  with  a  (reah  quantity 
o(  tongstic  aoid,  it  gives  a  ditnngHtnte.  which  is  suluble  ia  water  lUid  eejiarates  Inna  its 
solution  in  crystals  containing  water.  The  same  salt  is  ohtaiued  by  oareFully  udiliiig 
hydrochloric  acid  to  the  solation  of  the  normal  Bait  so  long  as  a  precipitate  doei  not 
appear,  and  the  liqaid  still  haa  an  alkalioe  reaction.  This  salt  was  first  inippossd  to 
luive  the  composition  Nb]W,0,,4H)0,  bnl  it  hu  since  been  found  to  i^anloin  (at  100^ 
Na.WiOM,I0lijO— that  is,  it  correspcuds  with  the  like  salt  ot  molybdic  acid. 

(If  this  salt  be  healed  to  a  red  heat  in  a  stream  of  hydrogen,  il  loses  a  portion  o(  its 
oxygen,  aoquirea  a  metallic  lustre,  and  tama  a  g«ldeD  yellow  utlour,  and,  after  being 
treated  with  water,  alkah,  and  acid,  leaves  golden  yellow  teoHels  and  eubcii  which  are 
very  like  gold.  This  very  remarkable  suhitoncB,  discovered  by  Wiililer,  has,  according 
to  Halaguli's  analysis,  the  composition  Na^WjO,  ;  that  is,il,  at  it  were.conMiaaadouble 
tangstate  of  tungsten  oiide,  WO.„  and  of  sodium.  Na^WOuWOrjWOj.  The  decomposi- 
tion of  the  fused  sodium  salt  is  best  effected  by  finely-divided  tin.  This  substance  has  a 
»p.  gr.  H'll ;  it  ooaducts  electricity  like  metals,  and  like  Uiem  baa  a  metaUio  lustre.  When 
bronght  into  contact  with  nine  and  sulphuiic  acid  it  disengages  hydtogen,  and  it  becomes 
coated  with  a  coating  of  copper  in  a  solution  of  copper  sulphate  in  the  presence  of  sine — 
that  is,  uotwithslandjug  its  complei  composition,  it  presents  to  a  certain  extent  ihe 
appearance  and  reactions  of  tbe  mAtala.  It  is  not  acted  on  by  aqua  regia  or  alkaline 
Bolations,  but  it  ia  oxidised  when  ignited  in  sir.) 

The  ditnngstate  mentioned  shove,  deprived  of  water  (having  undergone  a  modification 
similar  to  that  given  by  uetapbosphoric  acid).  att«t  being  treated  with  water,  leaves  an 
anhydrous,  sparingly  soluble  tetratungstate,  Na.,W04,SW0j,  which,  when  heated  at  IW 
in  a  cloBcd  tube  with  water,  pasaea  into  an  easily  soluble  metatungstate.  This  clearly 
allows  that  the  metatungstsles  are  hydrated  compounds.  On  boiling  a  solation  ot  tho 
above-mentioned  salts  of  sodium  with  tho  yellow  bydrate  of  tongstio  acid  they  give  a 
solution  of  melataugatate,  which  is  the  bydnted  tetrstuugstoCe.  Its  crystals  contain 
NaiW,Oi,.I0B,O.  After  the  hydtate  of  tungstic  add  (obuiued  from  tbe  urdiuary  toog- 
atatea  by  precipitation  with  on  acid)  has  stood  a  long  lime  in  ooutoct  witli  u  aotution  (hot 
oi  cold)  of  sodium  tungatale  (the  yellow  precipitate  of  the  hydrate  posses  into  a  white 
sodium  salt),  it  gives  a  solution  which  is  not  precipitated  by  hydrochloric  acid;  this  must 
be  filtered  and  evaporated  over  sulphuric  acid  inadekiccator(it  ia  decomposed  byboiling). 
It  first  forms  s  very  dense  solution  (oluminiuoi  floats  in  it}  at  sp.  gr.  ttU.  and  octahedral 
crystals  i>l  (DiJiuin  mttatungalati:.  Na,Vr,0|],ll)HiO,  sp.  gr.  BHS,  then  separate.  It 
effloresces  and  loses  water,  and  at  100"  only  two  out  ot  tbe  ten  equivalents  u(  water  remain, 
but  the  properties  of  Uie  salt  remain  unaltered.  It  the  colt  be  deprived  of  water  by  further 
heating,  it  becomes  inaoluble.  At  the  ordinary  temperature  one  part  ot  water  dissolves  ten 
parts  of  the  mclatungstate.  The  other  inetatuugstates  ore  easily  obtained  from  this  salt. 
Thus  a  strong  and  hot  solution,  mixed  with  a  like  eolution  of  barium  chloride,  on  cooling 
give*  cryatols  ot  barium  metatungstate,  BsW,Oi3,liajO.  These  crystals  are  diswlveil 
viUMnt  change  in  water  eontoioiDg  hydrochloric  acid,  also  in  hot  water,  but  they  ere 
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then  into  a  blue  oxide,  and  lastly  into  molybdic  anhydride.     Acids  do 
not  act  on  it — that  is,  it  does  not  disengage  hydix>gen  with  them,  not 

|)jLrt:a!ly  decomposed  by  cold  water,  with  the  formation  of  a  eolation  of  metatangstic  acid 
and  of  the  normal  barium  salt,  BaW04. 

Ill  order  to  explain  the  difference  in  the  properties  of  the  salts  of  timgrstic  acid,  we 
may  add  that  a  mixture  of  a  solution  of  tungstic  acid  witli  a  solution  of  silicic  acid  does 
not  coagulate  when  heated,  although  the  sihcic  acid  alone  would  do  so ;  this  is  doe  to 
the  formation  cf  a  siUcotungstic  acid,  discovered  by  Marignac.  A  solution  of  a  tangstate 
dissolvefl  gelatinous  silica,  just  as  it  does  gelatinous  tungstic  acid,  and  when  erapo- 
rato<l  deposits  a  crystalline  salt  of  siUcotungstic  acid.  This  solution  is  not  precipitated 
by  either  acids  (a  clear  analogy  to  the  metatungstates)  or  sulphuretted  hydrogen,  and 
corresponds  with  a  series  of  salts.  These  salts  contain  an  equivalent  of  silica  and 
H  equivalents  of  hydrogen  or  metals,  in  the  same  form  as  in  salts,  to  12  or  10  equi- 
valents of  tungstic  anhydride ;  for  example,  the  crystalline  potassium  salt  has  the  com- 
position K(jWi.2Si04-2,14H20  =  4K.20,12W05,SiOj,14U20.  Acid  salts  are  also  known  in 
which  half  of  the  metal  is  replaced  by  hydrogen.  Gibbs  studied  many  of  these  complex 
inorganic  acids  containing  tungstic  (molybdic  and  phosphoric)  acid.  Their  complexity  (for 
cxanijile,  of  the  pliosphomolybdic  acid)  involuntarily  leads  to  the  idea  of  polymerisatioti, 
which  we  were  obliged  to  rocogiiibe  for  silica,  lead  oxide,  and  other  compounds.  This 
polymerisation,  it  seems  to  me,  may  be  understood  thus :  a  hydrate  A  (for  example, 
tJU^Ktic  acid)  is  capable  of  combining  with  a  hydrate  B  (for  example,  silica  or  phos- 
phoric acid,  with  or  without  the  disengagement  of  water),  and  by  reason  of  this  faculty 
it  is  capable  of  ix>Iymerisation— that  is,  A  combines  with  A — combines  with  itself —just 
as  lildehyde,  C0H4O,  or  the  cyanogen  compounds  are  able  to  combine  with  hydrogen, 
oxygen,  iVrc,  and  are  liable  to  polymerisation.  In  this  sense  the  molecule  of  tungstic 
acid  is  probably  much  more  complex  than  we  represent  it;  this  agrees  with  the 
ea>?y  volatility  of  such  compounds  as  the  chloranhydrides,  CrO.^Cla,  MoC^d.^,  the 
analogues  of  the  volatile  sulphurj'l  chloride,  SO-^Clo,  and  with  the  non- volatility,  or 
difficult  volatility,  of  chromic  and  molybdic  anhydrides,  the  analogues  of  the  volatile 
Rul[)huric  anhydride.  Such  a  view  also  finds  a  certain  confirmation  in  the  researches 
iiuxdf.  by  Graham  on  the  colloidal  state  of  tungstic  acid,  because  colloidal  properties 
only  appertain  to  compounds  of  a  very  complex  composition.  The  obser\'ations  made 
by  Graham  on  the  colloidal  state  of  tungstic  and  molybdic  acids  introduced  much  new 
matter  into  the  history  of  these  substances.  When  sodium  tungstate,  mixed  in  a  dilute 
solution  with  an  equivalent  quantity  of  dilute  hydro^'hloric  acid,  is  put  in  a  dialyser, 
hydrochloric  acid  and  sodium  chloride  pass  through  the  membrane,  and  a  solution  of 
tun»rstic  acid  remains  in  the  dialyser.  Out  of  100  parts  of  tungstic  acid  about  80  parts 
remain  in  the  dialyser.  The  solution  has  a  bitter,  astringent  taste,  and  does  not  yield 
gelatin(»us  tungstic  acid  (hydrogel)  either  when  heated  or  on  the  addition  of  acids  or 
salts.  It  may  also  be  evaporated  to  dryness ;  it  then  forms  a  vitreous  mass  of  the 
hyth'dsul  of  tungstic  acid,  which  adlieres  strongly  to  the  walls  of  the  vessel  in  which 
it  has  been  evaporated,  and  is  perfectly  soluble  in  water.  It  does  not  even  lose  its 
solubility  after  having  been  heated  to  200^,  and  only  becomes  insoluble  when  heated  to 
a  red  heat,  when  it  loses  about  2.\  p.c.  of  water.  The  dry  acid,  dissolved  in  a  small 
quantity  of  water,  forms  a  gluey  mass,  just  like  gum  arabic,  which  is  one  of  the  repre- 
sentatives of  the  hydrosols  of  colloidal  substances.  The  solution,  containing  5  p.c.  of  the 
anhydride,  has  a  sp.  gr.  of  1*047  ;  with  20  p.c,  of  1*217  ;  with  r>0  p.c,  of  180  ;  and  witli 
HO  p.c,  of  3*24.  A  similar  stable  solution  of  molybdic  acid  is  obtained  by  the  dialysis  of 
a  mixture  of  a  strong  solution  of  sodium  molybdate  with  hydrochloric  acid  (the  pre- 
cipitate which  is  formed  is  re-dissolved).  The  addition  of  alkali  to  the  solutions  of  the 
hydrosols  of  tungstic  and  molybdic  aciids  immediately  results  in  thj  re-formation  of  the 
ordinary  tungstates  and  molybdates.  There  appears  to  be  no  doubt  but  tliat  tlie  same 
transformation  is  accomplished  in  the  passage  of  the  ordinary  tungstates  into  the  meta- 
tung<>tates  as  takes  place  in  the  passage  of  tungstic  acid  itself  from  an  insoluble  into  a- 


even  with  liydrochloric  acid — but  strong  sulphuric  acid  disengages 
sulphuruus  anhydride,  formiug  a  brown  moss,  containing  ii  lower  oxide 
of  molybdenum.  Alkalis  in  solution  do  not  act  on  molybdenum, 
but  when  fused  with  it  hydrogen  is  given  off,  which  shows,  as  does  its 
-whole  character,  the  acid  properties  of  the  metal.  The  properties  of 
tungsten  are  almoiit  identical  ;  it  is  infusible,  has  an  iron  grey  colour, 
is  exceetlingly  Imrd,  so  that  it  even  ecmtcheii  glass.  Its  sp.  gr.  is  lU'l 
(according  to  Eoscoe),  so  that,  like  uranium,  platinum,  ifcc.,  it  is  one 
of  the  heaviest  metals." 

Vruniunt,  17^240,  has  the  highest  atomic  weight  of  all  the 
analogues  of  chromium,  and  indeed  of  all  the  elements  yet  known.  Its 
highest  salt-forming  oxide,  UO3,  shows  very  feeble  acid  properties. 
Although  with  alkalis  it  gives  sparingly-soluble  yellow  compounds, 
which  folly  correspond  with  the  dichroiuates — for  example,  Na,UjOj= 
NajO,2UOj, '" — yet  it  more  frequently  and  easily  reacts  with  acids  HX, 

lolnble  state ;  but  this  mtj  b*  evcu  Bctually  proved  to  be  the  m*e,  because  Scheibler 
□btkineil  a  solution  of  Inngltic  acid,  before  GraliiuD,  b;  deconipnaiag  barium  meUb 
tungalulu  with  Bulpbutir  aoid.  Bt  treatioK  tbia  aall  witb  inlphuric  acid  in  tbe  UBount 
required  for  tlie  predpitatiun  ol  tbe  b«T7ta.  Sclidbler  ubtained  a  solution  of  meutung- 
Btic  acid  nbieb,  wben  eaotaining  JS'TG  i>.e.  of  Kid.  had  a  aji.  gt.  of  IIISI,  and  *,-ith 
IT'dl  p.c.  a  Bp.  gr.  ol  1'83T— that  is,  specifle  gracitieH  viirreBpoiiding  wilb  those  found  by 
Graliam. 

Tbe  quesCionii  in  conjanctioa  with  the  muUunorphoniii  or  modifications  of  tongstic 
and  moljbdic  uiids,  and  the  palymeriBstion  and  colloidal  statu  of  subslunceE,  belongs  Co 
that  clau  of  attematires  the  eolulion  of  nhich  will  dn  modi  tnwanls  attaining  a  true 
eomprebension  ol  Ibe  mKhaniam  ol  a  number  of  chemical  reacliona.  1  think,  moreorer, 
that  questions  of  this  kind  stand  in  intimate  nmneelion  with  tbe  theory  at  the  tormatioo 
of  oalatious  and  alloyB  and  blber  Ho-colled  indefinite  compounds. 

*  We  may  conclude  our  description  ol  tungsten  and  moifbdennm  by  stating  that 
Ibcir  snJpbur  compounds  have  an  ouicl  cbiiractor.  like  carbon  bixulpbide  or  stanuie  ml' 
pblde.  If  snlpbnretted  hydrojfen  be  pasEed  Ihningh  a  solution  of  a  tDol3'l>dale  it  doea 
not  ipTB  a  ptempitats  anleas  nulphnric  acid  beprusenb,  wbua  a  dork  brown  pieeipitabe  ol 
molybdenum  Iritulphide.  HoSj,  is  formed.  When  this  sulphide  is  ignited  witbont  acwos 
ol  air  it  gites  tlie  bisulphide  MoS^  which  is  not  able  to  combine  with  polassiom  snlpliide 
like  the  trisolpliide  Uo^,.  which  forms  a  salt,  E^Molj,,  corresponding  with  K^MoO,.  This 
ia  soluble  la  water,  and  separates  out  from  its  solution  in  red  crystals,  which  have  a 
metallic  lustre  and  reflect  a  green  light.  It  is  easily  obtained  by  heating  tbe  native 
bisul|iliide,  MoS^  with  poUsh,  aulphor,  and  n  amall  amount  of  charcoal,  which  scrrcs  lor 
deoudiaing  the  oxygen  compoundH.  Tungiteii  gties  similar  cumpDunds,  R,\Vy,,  where 
R=NU(,  K.  Na.  Tbey  are  deuouiposed  by  acida,  with  tbe  separation  ul  tun)j)iten  trisDl. 
pbide.  WSs,  and  malybdeuam  trisuiphide,  MoSj,. 

'"  Uranium  trioxide,  or  nnuilc  oiide,  ibaws  its  leeble  basic  and  acid  properties  m  a 
gnat  niunber  of  its  relations.  (1)  Solutions  of  uronic  salts  giie  yellow  iireciiiitules  with 
allutlit,  but  these  precipitates  do  not  coutuia  the  bydralfl  of  the  oxide,  hut  com|)ounds  ol 
it  witli  bases ;  lor  example,  aUO,(XO,),-t.0KUO^lKNO3-*-3{i,O-HK]U.jO,.  Tbere  are 
other  iaranu-tilhali  rmnpuundi  ol  t)ie  same  conslilnlion;  tor  example,  (KH,)iC207 
(known  in  Intde  as  nranic  oxide),  UgU,07,  BaL',0;,  Tliey  are  tbe  oualoguos  ol  the  di- 
diromates.  Bo^um  nroaatc  is  the  most  generally  used  uuder  the  name  ol  oianium 
jeUow.  Sa^VtO].  It  is  used  for  imi«rling  the  cbaracleristio  yollow-green  tint  to  glass 
Mtti  pDRMdain,    Neithai  heat  nor  water  nor  acids  ore  able  to  extract  Uie  alkali  fiDia 
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forming  fluorescent  yellowish  green  salts  of  the  composition  UO^X^y- 
and  in  this  respect  uranic  trioxide,  UO*,  differs  from  chromic  anhydride, 
CrO;,  although  the  latter  is  able  to  give  the  oxychloride,  CrOfCl}-  In 
molybdenum  and  tungsten,  however,  we  see  a  clear  transition  from 
chromium  to  uranium.  Thus,  for  example,  chromyl  choride,  CrOsCl^  is 
a  bro^'n  liquid  which  volatilises  without  change,  and  is  completely 
decomposed  by  water  ;  molybdenum  oxychloride,  M0O3CI2,  is  a  crys- 
talline substance  of  a  yellow  colour,  which  is  volatile  and  soluble  in 
water  (Blomstrand),  like  many  salts.  Tungsten  oxychloride,  WOjClj, 
stands  still  nearer  to  uranyl  chloride  in  its  properties ;  it  forms 
yellow  scales  on  which  water  and  alkalis  act,  as  they  do  on  many  salts 

sodiam  nranate,  Xa^UoO?,  and  therefore  it  is  a  true  insoluble  salt,  of  a  vellow  colonr,  and 
clearly  indicates  the  acid  character  (although  feeble)  of  uranic  oxide.  (2)  The  earbonates 
of  the  alkaline  earths  (for  instance,  barium  carbonate)  precipitate  uranic  oxide  from  its 
saltA,  as  they  do  all  the  salts  of  feeble  bases ;  for  example,  R2O5.  (8)  The  alkali  car- 
bonates,  when  added  to  solutions  of  uranic  salts,  give  a  precipitate^  which  is  soluble  in 
an  excess  of  the  reagent,  and  particularly  so  if  the  acid  carbonates  be  taken.  This  is 
due  to  the  fact  that  (4;  tlie  uranyl  salts  easily  form  double  salts  with  the  salts  of  the 
alkali  metals,  including  the  salts  of  ammonium.  Uranium,  in  the  form  of  these  double 
salts,  often  gives  salts  of  well-defined  crystalline  form,  although  the  simple  salts  are  little 
prone  to  appear  in  crystals.  Such  are,  for  example,  the  salts  obtained  by  dissolving  potas- 
sium uranate,  K^U^O?,  in  acids,  with  the  addition  of  potassium  salts  of  the  same  acids. 
Thus,  with  hydrochloric  acid  and  potassium  chloride  a  well-formed  cr^'stalline  salt, 
K.j(U02)Cl4,2H'jO,  belonging  to  the  monoclinic  system,  is  produced.  This  salt  decom- 
poses in  dissoh-ing  in  pure  water.  Among  these  double  salts  we  may  mention  the  double 
carbonate  with  the  alkalis,  R4(U02)(C05)3  (they  are  equal  to  2R2CO3 -f  UOaCOs) ;  the 
acetates,  R(U0.2)(C2H30...)j — for  instance,  the  sodium  salt,  Na(U02)(C.2H302)3,  and  the 
potassium  salt,  K(UO..,)(C2H30./}3,H20  ;  the  sulphates,  R2(UOoHS04)3,2H.jO,  &c.  In  the 
preceding  frirmula  R  =  K,  Na,  NH4,  or  R>  =  Mg,  Ba,  &c.  Thin  property  of  giving  com- 
paratively stable  double  salts  indicates  feebly  developed  basic  properties^  because 
double  salts  are  mainly  formed  by  salts  of  distinctly  basic  metals  (this  forms,  as  it  were, 
tlie  basic  element  of  a  double  salt)  and  salts  of  feebly  energetic  bases  (this  forms  the  acid 
element  of  a  double  saltj,  just  as  the  former  also  give  acid  salts ;  the  acid  of  the  acid 
salts  is  replaced  in  the  double  salts  by  the  salt  of  the  feebly  energetic  base,  which,  like 
wati>r,  belongs  to  the  number  of  intermediate  bases.  For  this  reason  barium  does  not 
give  double  salts  with  alkalis  as  magnesium  does,  and  this  is  why  double  salts  are 
more  easily  formed  by  i>otassium  than  by  lithium  among  the  series  of  tlie  alkali  metals. 
(5)  The  most  remarkable  property,  proving  the  feeble  energy  of  uranic  oxide  as  a  base, 
is  seen  in  the  fact  that  when  compared  with  the  composition  of  other  salts  the  salts  of 
uranic  oxide  always  appear  as  basic  salts.  We  already  know  that  a  uormal  salt,  ROC^ 
oorresiwnds  with  the  oxide  R8O3,  where  X  =  CI,  NO5.  itc,  or  X2=  SO4,  CO3,  &c. ;  but  there 
also  exist  basic  salts  of  the  same  ty])e  where  X  =•  HO  or  X..>  =  O.  We  saw  salts  of  all  kinds 
among  the  salts  of  aluminium,  chromium,  and  others.  With  uranic  oxide  no  salts  are 
known  of  the  types  UX«  (UClg,  U(S04)5,  alums,  &c.,  are  not  known),  nor  even  salts, 
U(HOj...X4  or  UOX4,  but  it  always  forms  salts  after  the  type  U(HO)4X2  or  UOjXj. 
Judging  from  the  fact  that  nearly  all  the  salts  of  uranic  oxide  retain  water  in  crystallising 
from  their  solutions,  and  that  this  water  is  difficult  to  separate  from  them,  it  may  be 
thought  to  be  water  of  hydration.  This  is  seen  in  part  from  the  fact  that  the  composition 
of  many  of  the  salts  of  uranic  oxide  may  then  be  expressed  withont  the  presence  of  water 
of  crystallisation  ;  for  inst«mce,  U(HO/4K...Cl4  (and  the  salt  of  NH4),  U(HO)4K2(S04)j, 
U(HO)4(C2H30.2)j#    Sodium  uranyl  acetate,  however,  does  not  contain  water. 
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(zinc  cliloriile,  ferric  chloride,  aluminium  chloride,  stannic  chloride, 
Ac-K  and  perfectly  corresponds  ivitli  the  difficultly- volatile  salt.UCjCl, 
(obtained  by  Feligot  by  the  action  of  clilorine  on  ignited  uranium 
riioside,  TJO^),  which  is  also  yellow  and  gives  n.  yellow  solution  with 
water,  like  fill  the  salts  UOjXi.  The  property  of  uranic  oxide,  V0„ 
of  forming  salts  UOjXj  is  shown  in  the  fact  that  the  hydrated  oxide 
of  iir&nium,  UO^(HO)j.  which  is  obtained  from  the  nitrate,  earbcinate, 
And  other  Ealts  by  the  loss  of  the  elements  of  the  acid,  is  easily  soluble 
in  acids,  ns  well  as  in  the  fact  that  tlie  lower  grades  of  oxidation  of 
uranium  are  able,  when  treated  with  nitric  acid,  to  form  an  easily 
crystallisable  uranyl  nitrate,  tJ0j(NOj)j,6H,0 ;  this  is  the  moat 
commonly  occurring  uranium  salt." 

'1   Uraiiyl  nilmlr.  OT  anuiniii  nitnits.  t;0,(NO,I^GH,0,  DtTstolIiwA  from  i(n  anlu- 

(Iroui  ■  nenlral  tnlntion).  vhicli  effloreare  in  the  air  and  ant  mMj  wtuble  in  uater, 
alrnhol.  anil  elhtr.  haie  a  ip.  gr.  of  S'B.  and  tume  wlien  huit«d,  losing  nitric  »eii  and  walar 
in  tlie  [nocHas.  If  tlie  wit  itself  (Benieliua)  or  its  alcobalio  solation  (Malagntil  ba 
faested  ap  to  the  temperature  at  vhich  oiiiWuf  nitrogen  are  eTolred,  then  there  lemBiiia 
a  maes  »lii.h,  after  being  evaporated  wilb  water,  leaves  nranyl  hydfoxida,  CO.)(HO)s 
(tp.  gr.  G-9B).  whilit  if  the  Mlt  he  itcnited  there  remaini  the  dioxide,  UOg.  u  a  brick-nd 
powder,  which  on  further  heating  loses  oiygon  aiid  fiimu  Ihe  dark  olive  unuioeo-onuiio 
oxide.  U.tO«.  Thnefore  the  solation  of  the  nitrate  oblwned  from  the  ore  is  parifled  in 
the  following  manner :  sulphurous  anhydride  ii  fSnt  pSHeed  through  it  in  order  to  reduce 
the  arsenic  acid  preoent  into  arsenious  acid  ;  the  solution  is  then  heated  to  00°.  and  sdI- 
phuretted  hydrogen  passed  thmngh  it ;  this  precipitalAs  the  lead,  arsenic,  and  tin.  and 
certain  other  metale,  as  aulphidea.  insoloble  in  wkler  and  dilate  nitric  acid,  Diis  liquid 
is  theo  flllered  and  evaporB,ted  with  nitric  acid  to  crystallisation,  and  the  crystal!  are 
dissolved  in  ether.  Or  else  Ihe  solntion  is  first  treated  with  chlorine  in  order  to  convert 
the  ferrous  chloride  (prodnced  by  the  action  oE  the  hydrogen  eulphide)  into  ferrio  ohiotide. 
then  the  oiidss  are  precipitated  by  ammonia  and  the  resalUnt  precipitate,  containin^t 
the  oxides  F»,0;,UOs.  and  compounds  of  the  Utter  with  pDtaeh,  lime,  Ammcmia.  and 
other  bate*  present  in  the  solntion  (the  Utter  is  due  la  the  property  oF  uranic  oiide  of 
combiDlng  with  bases),  it  washed  and  dissolv&d  in  a  strong,  slightly-heated  solution 
d(  ammonium  carbonate,  which  dissolves  llie  nrcinic  oxide  but  not  the  ferric  oxide.  The 
rolulion  Is  fill«red.  and  on  cooling  deposits  a  finaly  crysUlliBiOg  urangl  amtnoiiium  car- 
boiiali,  U0,,|NH,)jtCO.,|j,  in  brilliint  monoelinic  crysUls  which  on  eiposnre  to  air  slowly 
give  ofl  water,  carbonic  anhydride,  and  ammonia ;  the  same  deoontposition  is  readily 
eflecled  al  800".  the  residue  then  consisting  ol  nrnnio  oiide.  This  Bait  is  not  very  solable 
in  water,  but  is  rcbdily  so  in  ammoninm  carbontLte  ;  it  is  obvious  that  it  may  readily  be 
coDVertsd  into  all  the  other  salts  of  oildes  ol  ura.ninni.  Uranium  salts  are  also  purified 
in  the  lom  of  nfrlolr,  which  is  verj-  sparingly  soluble,  and  ia  Ihcielore  directly  piecipi. 
taled  from  •  strong  solution  of  the  nitrate  by  miiing  it  with  acetic  acid, 

We  may  alao  msotion  the  uranyl  photpKatt.  BCPO,^,  which  mnst  be  reguded  as  an 
orthophuaphata  in  which  two  hydrogens  are  replaced  by  the  nranyl  UOj— i.b.  as 
BlUO,|PO,.  This  salt  is  ronned  aa  a  hydrated  geUllnoua  yellow  precipitate,  on  mixing 
B  aolalion  of  aranyl  nitrate  with  disodium  phosphale,  The  precipitation  occDra  in  tha 
preaenceol  acetic  aaid,  but  not  In  the  presence  of  hydrochloric  acid.  II,  moreover,  thera 
be  present  an  excess  of  an  ammoninm  salt,  the  Bniiiionta  enters  into  tlie  conrposltion  of 
the  bright  yellow  gelatinous  precipitate  ItataeS,  in  the  proportion  UOjNH,PO,  (with 
water).  This  precipitate  is  not  soluble  in  water  and  noetic  acid,  and  iu  rolution  in 
fnorganie  acids  wboD  boiled  «ntir«ly  expels  all  the  phosphoric  Mid.    This  tact  is  lokvn 
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Uranium,  which  gives  an  oxide,  UO3,  and  the  corresix>nding  salt 
TJO5X2  and  dioxide  UOj,  to  which  the  salts  UX4  correspond,  is  rarely 
met  with  in  nature.  Uranite  or  the  double  orthophosphate  of  uranic 
oxide,  R(U02)H2P20g,7H20,  where  R=Cu  or  Ca,  uranium- Wtriol 
U(S04)2,H20,  samarakite,  and  aeschynite,  are  very  rarely  found,  and 
then  only  in  small  quantities.  Of  more  frequent  and  abundant 
occurrence  is  the  non-crystalline,  earthy  brown  uranium  ore  known  as 
pitchblende  (sp.  gr.  7*2),  which  is  mainly  composed  of  the  intermediate 
oxide  U30g=TJ02,2U03.  This  ore  is  found  at  Joachimsthal  in  Bohemia 
in  the  Erzgebirge,  from  which  the  greater  part  of  the  uranium  used  is 
exported.  This  ore  contains  a  number  of  different  impurities,  chiefly 
sulphides  and  arsenides  of  lead  and  iron,  as  well  as  lime  and  silica 
compounds.  It  is  roasted  in  order  to  expel  the  arsenic  and  sulphur, 
ground,  washed  with  dilute  hydrochloric  acid,  which  does  not  dissolve 
the  uranoso-uranic  oxide,  U30g,  and  the  residue  is  dissolved  in  nitric 
acid,  which  transforms  the  uranium  oxide  into  the  nitrate,  UO.>(N03)5. 

It  must  be  observed  that  the  oxide  of  uranium,  first  distinguished 
by  Klaproth  (1789),  was  for  a  long  time  regardeci  as  able  to  give 
metallic  uranium  under  the  action  of  charcoal  and  othor  reducing  agents 
(with  the  aid  of  heat).  But  the  substance  thus  obtained  was  only  the 
uranium  dioxide,  UO2.  The  compound  nature  of  this  dioxide,  '* 
or  the  presence  of  oxygen  in  it,  was  demonstrated  by  Peligot  (1841), 
by  igniting  it  with  charcoal  in  a  stream  of  chlorine.  He  thus  obtained  a 
volatile  uraniufn  tetrachloride*,  UCI4,**  which,  when  heated  with  sodium, 

advantage  of  for  removing  pliOHplioric  acid  from  solutions — for  instance,  from  those  con- 
taining salt!4  of  calcium  and  magnesium. 

»'  Uranium  dioxide,  or  uranyl,  UO.^,  which  is  contained  in  the  salts  UO.^X.^,  has 
the  app<'arance  and  many  of  the  properties  of  a  metal.  Uranic  oxide  may  be  regarded  as 
uranyl  oxide,  (UOo)O,  its  salts  as  salts  of  this  uranyl ;  its  hydroxide,  (UO-j^HgO..,  is  formed 
like  CaH.,0.^.  The  green  oxide  of  uranium,  uranoso-uranic  oxide  ^easily  formed  from  nranic 
salts  by  the  loss  of  oxygen),  U.-.O^  =  U0.j,2U0-„  when  ignited  with  charcoal  or  hydrogen 
(dry)  gives  a  brilliant  crystalline  substance  of  sp.  gr.  about  100,  whose  appearance  resembles 
that  of  metals,  and  which  decomposes  steam  at  a  red  heat  with  the  evolution  of  hydrogen, 
but  which,  however,  does  not  decomiwse  hydrochloric  or  sulphuric  acid,  but  is  oxidised  by 
nitric  acid.  The  same  substance  is  also  obtained  by  igniting  the  compound  <UO.2lK.2Cl4 
in  a  stream  of  hydrogen,  according  to  the  equation  UO.,KoCl|  +  H.2  =  U0.2  +  2HCl+  2KC1. 
It  was  at  first  regarded  as  the  metal.  In  1841  Peligot  found  that  it  contained  oxygen, 
because  carl)onic  oxide  and  anhydride  were  evolved  when  it  was  ignited  with  charcoal  in 
a  stream  of  chlorine,  and  from  40H  parts  of  the  substance  which  was  considered  to  be 
metal  he  obtained  873  parts  of  a  volatile  product  containing  213  parts  of  chlorine.  From 
this  it  was  concluded  that  the  snl)stance  taken  contained  an  equivalent  amount  of 
oxygen.  As  213  parts  of  chlorine  correspond  with  48  parts  of  oxygen,  it  followed  that 
408  — 48  =--800  parts  of  metal  were  combined  in  the  substance  considered  as  such  with  48 
parts  of  oxygen,  and  also  in  the  chlorine  compound  obtained  with  213  parts  of  chlorine. 

"  Uramum  tetrachlfjridr,  uranous  chloride,  UCl^,  corresponds  with  uranous  oxide 
as  a  ba<ie.  It  was  obtained  by  Peligot  by  igniting  urunic  oxide  mixed  with  charcoal  in  a 
stream  of  dry  chlorine :  UO.^  +  8C  +  2CI3  =  UCI4  +  3C0.     This  green  volatile  comiK>aiid 
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pave  me/(i//u!  iirnniiim  as  a  grey  metal,  having  a  specific  gravity  of  IS-", 
and  liberating  liydrogen  from  acids,  with  the  foiiuatioii  of  green  uramius 
Baits,  ITX,,  which  act  as  powerful  reducing  agents." 

(Xote  IS)  cryatBlliESB  in  reguliu  octalxcdm,  is  very  hf^Mcopic,  euily  soluble  in  water, 
with  tli«  derelopment  of  a  coniudenkblo  uiiount  of  heat,  and  ao  louger  BepuntC'*  aut 
(tori  Hb  nlatioii  in  an  unliydrons  stale,  but  diiengi^fes  hydrochloric  aeid  wh«n  evftpa- 
nited.  The  solution  nl  urannua  ohloHda  in  natei  is  giceii.  It  ia  also  fnnued  hy  t'l* 
•clion  o(  Eino  and  copper  (forming,  cnprona  chlaridal  on  a  loiutioD  o(  nranyl  ohlorido, 
UOjCl],  eapccially  Jn  the  preaenre  of  hydrochlorio  acid  ajid  aol-ammoniac.  SolnCicmi  of 
nnuij'l  *alta  are  conTcrtod  into  nnuioUB  aalts  by  the  action  of  Tarious  redacintr  ngmta, 
■nd  among  othen  by  orgabic  aabHtanced  or  by  UiB  scClon  ol  light,  whilit  the  aiiltB  UX| 
are  converted  into  ornuyi  saltH,  UO,Xj.  by  eipoanre  to  mt  or  by  oiidimng  ai^nt*.  Soln- 
tiona  of  the  gr«cn  uconyl  tiaUii  ofi  ae  jioverfnl  reducing  agents,  and  give  a.  brovn  prcci- 
piUtfi  of  thp  nranons  hydrotide,  CH,0..  with  paUsh  aiid  other  alkaha.  This  hydroxide 
'»  euiiy  solnble  in  odds  bnt  not  in  alkalia.  On  iffnition  it  doeg  not  form  the  oxide  UO.j, 
because  it  decomposes  water,  but  when  Uie  higher  oxides  of  uraniom  are  ignited  in  • 
stream  of  hydrogen  or  with  cb-ucool  they  yield  aianons  oxide.  Both  it  and  the  chloride 
Ua,  dissolve  in  strong  aulphorio  acid,  forming  a  green  salt.  U(8O,)„9H,0.  The  5«m« 
Mlt,  together  with  iinuiyl  snlphnte,  UO](SOi),  ia  formed  when  the  green  otide  'Crfi,  is 
dissolved  in  hot  salphuric  acid.  The  sUla  obtained  in  the  latter  Instance  may  be 
•eparated by  adding atcohol  to  the  salnlion,  which  is  left  exposed  to  theKght;  theultohol 
reduces  the  uianyl  mli  to  nnuioiu  salt,  an  excess  of  acid  being  required.  Tliis  suit  i> 
remarkable  from  the  (act  that  an  excess  of  water  deoomposes  it.  fanning  a  basic  ml t, 
which  ia  also  easily  prodaced  under  other  oiroumstanoea,  and  containa  UO(80,),2H;0 
(which  corresponds  to  the  uranic  salt). 

"  It  most  be  observed  that  the  atomic  weight  of  nronium  tras  (omerly  taken  at  half 
the  present  one.  Thns,  according  to  Peligot,  C=  ISO,  and  the  oxide  U^i,  suboxide  UO, 
andgreenonden,,0,.wereof  the  same  types  as  the  oxideao(  iron.  Withttoertain  resetii- 
blance  to  the  elements  of  the  iron  gr^^Pi  uranium  presents  many  points  of  distinction 
whi<^  do  not  permit  its  being  grouped  with  them.  Thus  nraninm  forms  a  very  stable 
oxide,  U,O^(U  =  130),  but  does  not  give  the  correapondinit  chloriae  U,Cln  (BoHioe.  how 
erer,  in  IBTl  obtained  UCU,  like  MnClj  and  WCU),  and  under  those  cironmstaneea  ^Che 
Ignition  of  oxide  of  uranium  mixed  with  charcoal,  in  a  stream  of  chlorine),  when  the 
formation  of  this  eompouod  might  be  expected,  it  gives  (U  =  120|  the  chloridB  UCl„  which 
ia  oboneterieed  by  its  volatility,  which  is  not  a  properly,  to  snch  an  extent,  of  any  of 
tlio  diehlorideo,  BCI^  oE  the  iron  gmnp. 

The  alteration  or  doubling  of  the  atomic  weight  of  oraninm — iji.  the  recognition  of 
TJ  •910— was  mode  (or  the  first  lime  in  the  first  (Russian)  edition  of  this  work  (lS71).and  in 
my  memoir  (nl  the  same  year  in  Liebig'a  Annnltn),  because  with  an  atomic  weight  130, 
nmninm  could  not  be  placed  in  tlie  periodic  system.  I  think  it  will  not  be  ■npnrfiaona 
to  add  the  follonmg  remarks  on  this  subject:  <1)  In  the  other  groups  <K— Rb— Cs, 
Ca— Si^Ba.  CI— Br— D  the  acid  character  ol  the  oxides  dsareases  and  their  Usic  charac- 
ter increases  with  the  rise  of  atomic  weight,  and  therefore  we  should  expect  to  find  the 
■ame  in  thegronpCr— Mo— W~U.andif  CrOj.  MoO,,  WO, be  the  anhvdridea  of  acids, 
then  we  indeed  find  s  decrease  in  their  acid  character,  and  therefore  uranium  trioiide,  UO„ 
eboald  be  a  very  feeble  anhydride,  but  its  basic  properties  ahoold  also  be  very  feeble. 
Uranic  oxidedoes  indeed  show  these  properties,  aa  was  pointed  out  above  |Not«  10).  idl 
Chromium  and  ita  analogues,  besides  the  oxides  RO,-„  also  form  lowergrades  of  oxidation 
BOf,  B,0],  and  Ihe  same  ia  seen  in  uraniom  ;  it  iormt  VO-,.  VO,,  U,a,  and  U>eir  cum- 
poanda.  IS)  Holybdennm  and  tungsten,  in  being  reduced  from  ROj,  easily  and  fre- 
inently  give  an  intermediate  oxide  of  a  bine  colonr.  and  Draninm  ahows  the  same 
property  ]  giving  the  so-called  green  oxide  which,  according  to  exiittent  resaarohes.  muKb 
be  regarded  at  UiO,^i;0,9UO.i.  analogons  to  Uo,0,.  (II  The  higher  cliloridas,  RCIa 
possible  tor  the  elementi  of  thi*  group,  are  either  onslable  |WCU  or  do  not  eiiat  at  oU 
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As  the  salts  of  uranic  oxide  are  reduced  in  the  absence  ot  or^ganie 
matter  by  the  action  of  light,  and  as  they  impart  a  characteristie 
coloration  to  glass,  *^  they  find  a  certain  application  in  photography 
and  glass  work. 

If  we  compare  together  the  highly  acid  elements,  sulphur,  seleniwii^ 
and  tellurium,  of  the  uneven  series  of  the  sixth  group  with  chromium, 
molybdenum,  tungsten,  and  uranium  of  the  even  series  of  the  same 
group,  we  find  that  the  resemblance  of  the  higher  form  RO3  does  not 
extend  to  the  lower  forms,  and  even  entirely  disappears  in  the  elements, 
because  there  is  not  the  smallest  resemblance  between  sulphur  and 
chromium  and  their  analogues  in  a  free  state.  In  other  words,  this 
means  that  the  small  periods,  like  Na,  Mg,  Al,  Si,  P,  S,  CI,  contain- 
ing seven  elements,  do  not  contain  any  near  analogues  of  cliromium, 
molybdenum,  &c.,  and  therefore  their  true  position  among  the  other 
elements  must  be  looked  for  only  in  those  large  periods  which  contain 
two  small  periods,  and  whose  type  is  seen  in  the  period  containing : 

(Cr) ;  but  there  is  one  single  lower  volatile  compoand,  which  is  decomposed  by  water, 
and  liable  to  farther  redaction  into  a  non>Tolatile  chlorine  product  and  the  metaL 
The  same  is  observed  in  nraninm,  which  forms  an  easily  volatile  chloride,  UCI4, 
decomposed  by  water.  (5)  The  atomic  volumes,  Cr=8,  Mo  =  8*6,  We9*6,  and  U=18, 
are  subject  to  the  rule  observed  in  the  other  similar  series,  K — Rb,  Ca — Sr — ^Ba,  ^c^ 
where  the  atomic  volume  increases  with  the  atomic  weight,  and  therefore  the  high 
sp.  gr.  of  uranium  (18*4)  is  explained  by  this  fact.  (6)  For  uranium,  as  for  chromium 
and  tungsten,  yellow  tints  predominate  in  the  form  RO5,  whilst  the  lower  forms  are  green 
and  blue.  (7)  Zimmermann  (1881)  determined  the  vapour  densities  of  uranous  bromide, 
TJBr4,  and  chloride,  UCl|,  and  they  (19*4  and  18*2)  were  found  to  correspond  to  the  for- 
mula given  above — that  is, they  confirmed  the  accepted  atomic  weight  Us 240.  Roscoe, 
a  great  authority  on  the  metals  of  this  group,  was  the  first  to  recognise  the  proposed 
atomic  weight  of  uranium  U  =  240,  which  since  Zimmermann's  work  has  been  generally 
recognised. 

^^  Uranium  glass,  obteuned  by  the  addition  of  the  yellow  salt  E3U3O7  to  glass,  has  a 
green-yellow  fluorescence,  and  is  sometimes  employed  for  ornaments ;   it  absorbs  the 
violet  rays,  like  the  other  salts  of  uranic  oxide — that  is,  it  possesses  an  absorption  spec- 
trum in  which  the  violet  rays  are  absent.    The  index  of  refraction  of  the  absorbed  rays 
is  altered,  and  they  are  given  out  again  as  greenish-yellow  rays;  hence,  compounds  of 
uranic  acid,  when  placed  in  the  violet  portion  of  the  spectrum,  emit  a  greenish-yellow 
light,  and  this  forms  one  of  the  best  examples  (another  is  found  in  a  solution  of  quinine 
sulphate)  of  the  phenomenon  of  fluorescence.    The  rays  of  light  which  pass  through  uranic 
compounds  do  not  contain  the  rays  which  excite  the  phenomena  of  fluorescencre  and  o! 
chemical  transformation,  as  the  researches  of  Stokes  prove.     In  thus  absorbing  the 
chemical  rays,  uranic  compounds  aid  the  chemical  change  of  substances  mixed  with  tbem. 
Hence,  uranic  compounds  are  used  in  photography.   Becquerel,  B  )lton,  and  Morton  have 
made  some  most  interesting  researches  on  the  phosphorescent  spectra  of  the  uranium 
coniixmiidft — that  is,  on  the  nature  of  the  li^ht  emitted  by  salts  of  uranium  immediately 
after  their  exposure  to  light ;  these  researches  show  that  the  bands  of  light  (generally' 
seven,  all  between  C  and  F  of  the  solar  spectrum),  and  their  intersected  dark  bands  suffer 
a  disiilncement  with  a  change  of  elements — for  example,  in  the  double  salts  of  metals. 
Concerning  the  formation  of  the  peroxide  form  of  uranium  (Fairley),  see  Chapter  XX. 
Note  GG. 
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K,  Ca.  8c,  Ti.  V,  Cr,  Mo,  Fp,  Co,  Ni,  Cu,  Zn,  Oa,  Ge,  As,  8e,  Br. 
These  periods  coatajn  Ca  aod  Zn,  giving  BO,  Sc,  aud  tia  of  the  third 
group,  Ti  and  Ge  of  the  fourth  and  fifth  groups,  and  As  of  the  fifth 
group,  Cr  and  Se  of  the  sixtli  s^foup,  Mn  and  Br  of  the  seventh  group, 
and  tlie  remaining  elements,  Fe,  Co,  Ni,  fomi  connective  members  of 
the  intermediate  eighth  group,  to  the  description  of  the  representatives 
of  which  we  shaJI  turn  in  the  following  chaptei-s.  And  now  we  will 
proceed  to  describe  manffanenf,  Mn^55,  as  an  element  of  the  seventh 
group  of  the  even  series,  directly  following  after  Cr=32,  and  which 
corresponds  with  Br^SO  to  the  same  degree  that  Cr  does  with  Se=79. 
For  chromium,  selenium,  and  bromine  very  close  analogues  are  known, 
but  for  manganese  as  yet  none  have  been  obmJned— that  is,  it  is  the 
only  representative  of  the  even  series  in  the  seventh  group.  In  placing 
mnnganese  with  the  halogens  in  one  group,  the  periodic  system  of  the 
elements  only  re<juirps  that  it  should  bear  an  analogy  to  the  halogens 
in  the  higher  type  of  oxidation — i.e.  in  the  salts  and  acids — whilst  it 
requires  that  as  great  a  ditference  should  be  expected  in  the  lower 
types  and  elements  bb  there  exists  between  chromium  or  molybdenum 
and  sulphur  or  selenium.  And  this  is  actually  the  case.  The 
elements  of  the  seventh  group  form  a  higher  salt'forming  oxide,  R,0;, 
and  its  corresponding  hydrate,  HROj,  and  salts^for  example,  KCIO,. 
Manganese  in  the  form  of  potassium  permanganate,  KMnO^,  actually 
presents  a  perfect  analogy  to  potassium  perchlorate,  KCIO^.  The 
analogy  of  the  crystalline  form  of  both  salts  was  shown  by  llitscherlich, 
The  salts  of  permanganic  acid  are  also  nearly  all  soluble  in  water,  like 
those  of  perchloric  acid,  and  if  the  silver  salt  of  the  latter,  AgClO,,  be 
sparingly  soluble  in  water,  so  also  is  silver  permanganate,  AgJInO^. 
The  specific  volume  of  potassium  perchlorate  is  equal  to  55,  because  its 
specific  gravity  =  2'54  ;  the  specific  volume  of  potassium  permanganate 
is  equal  to  58,  because  its  specific  gravity^2'7l.  Both  acids  in  a  free 
state  are  soluble  in  water  and  volatile,  both  are  powerful  oxidisera^in 
a  word,  their  analogy  is  still  closer  than  that  of  chromic  and  sulphuric 
acids,  and  those  points  of  distinction  which  they  present  also  appear 
among  the  nearest  analogues — for  example,  in  sulphuric  and  telluric 
acids,  in  hyilroehlorii; and  hydriodic acids,  il-c.  Besideswhich, manganese 
gives  a,  lower  grade  of  oxidation,  HnOj,  analogous  to  sulphuric  and 
chromic  trioxides,  and  with  it  corresponds  potassium  maiigonate, 
E,MnOi,  isomorphous  with  potassium  sulphate.'^     In  the  types  of 


1°  Tha  coinparieon  of  patoSBiam  permntifrHnaM  xitli  patseaii: 
^potikHiain  mniiguiate  with  poUssiuni  ^ulphati^,  Bhowu  iliieatly  Uial 
Nid  chiMolrikl  propeitiuB  ot  labtluicea  do  not  dopeod  on  tbe  oa 
VOL.    11. 
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oxidation  of  manganese  lower  than  the  permanganates  there  is  no 
longer  any  resemblance  to  chlorine,  whilst  every  point  of  resemblaiioe 
disappears  when  we  come  to  the  elements  themselves — tL^.  to  mmngnnese 
and  chlorine — for  manganese  is  a  metal,  like  iron,  which  combiiies 
directly  with  chlorine  to  form  a  saline  compound,  Mnd^*  analqgcms  to 
magnesium  chloride.'^ 

Manganese  belongs  to  the  number  of  metals  widely  distnbnted  ift 
nature,  especially  in  those  localities  where  iron  occurs,  whose  ores 
frequently  contain  compounds  of  manganous  oxide,  MhO,  which  presents 
a  resemblance  to  ferrous  oxide,  FeO,  and  to  magnesia.  In  many  minerals, 
magnesia  and  the  oxides  allied  to  it  are  replaced  by  manganous  oxide. 
Calc  spars  and  magnesites — t.^.  R"C03  in  general — are  frequently 
met  with  containing  manganous  carbonate,  which  also  occurs  in  a  sepa- 
rate state,  although  but  rarely.  The  soil  and  the  ash  of  plants  gene- 
rally contain  a  small  quantity  of  manganese.  In  the  analysis  of 
minerals  it  is  generally  found  that  manganese  occurs  together  with 
mairnesia,  l>ecause,  like  it,  manganous  oxide  remains  in  solution  in  the 
presence  of  ammoniacal  salts,  not  l>eing  precipitated  by  reagents.  The 
prriperty  of  this  manganous  oxide,  MnO,  of  passing  into  the  higher 
grades  of  oxidation  under  the  influence  of  heat,  alkalis,  and  air,  gives 
an  easy  means  not  only  of  discovering  the  presence  of  manganese  in 
admixture  with  magnesia,  but  also  of  separating  these  two  analogous 
liases.  Magnesia  is  not  able  to  give  higher  grades  of  oxidation,  whilst 
mantfanose  gives  them  with  great  facility.  Thus,  for  instance,  an  tilla' 
line  dilution  of  sodium  hypochlorite  produces  a  precipitate  of  manganese 
dioxide  in  a  solution  of  a  manganous  salt :  MnCl2  +  NaC10-|-2NaHO 
=  Mn02-f-H20  +  3XaCl ;  whilst  magnesia  is  not  changed  under  these 
circumstances.  If  the  magnesia  be  precipitated  owing  to  the  presence 
of  alkali,  it  may  be  dissolved  in  acetic  acid,  in  which  manganese  dioxide 
is  insoluble.  The  presence  of  small  quantities  of  manganese  may  also 
be  recognised  by  the  green  coloration  which  alkalis  acquire  when 
heated  with  manganese  compounds  in  the  air.  This  green  coloration 
depends  on  the  property  of  manganese  of  giving  a  green  alkaline 
manganate  :  MnCl,  -f  4KH0  -f  O2  =  K  jMnO ,  +  2KC1  -f  2H2O.  This 
facility  of  oxidising  in  the  presence  of  alkalis  forms  an  essential  character 
of  manganese.  Therefore  manganese  often  occurs  in  nature  as  the 
different  higher  oxides.     However,  the  ores  of  manganese  are  not  so 

but  on  the  atomic  tvpes  in  which  they  appear,  on  the  kind  of  movements,  or  on  the  posi- 
tion»  in  which  the  atoms  forming  the  molecnle  occur. 

"  If,  liowever,  we  compare  the  spectra  (Vol.  I.  p.  556)  of  chlorine,  bromine,  and  iodine 
with  that  of  manganese  one  citnnot  bnt  remark  a  certain  resemblance  or  analogy  which 
connects  manganese  both  to  iron  and  to  chlorine,  bromine,  and  iodine. 
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very  widely  distributed  in  nature,  although  the  manganous  compounds 
are  met  with  nearly  everywhere.  The  nn>st  important  ore  of  tiianganesa 
is  its  dioxide,  or  80-called  paroxid',  MnO^,  which  is  known  in  mineralogy 
Its  pyrohisile.  Then,  manganese  occurs  as  an  oxide  correspontliog  with 
magnetic  iron  ore,  Mn0,Mnj03^Mii,O(,  forming  the  mineral  knowik 
as  liatMrnnniiit^.  The  oxide  ]tlii]0]  also  occurs  in  nature  as  the 
anhydrous  mineral  hraunilf,  and  in  a.  hydrated  form,  MnjO^,!!,©, 
called  mangni%iU.  Both  of  these  often  occur  ss  an  admixture  in  pyro- 
lusite.  Besides  which,  m.inganese  is  met  with  in  nature  as  rhodonite, 
or  silicate,  MnSiOj.  Very  (ine  and  rich  deposits  of  mangannsB  oi-es 
have  been  found  in  the  Caucasus,  the  "Urals,  and  along  the  Dnieper. 
Those  at  the  Sharaponsky  di.sbrict  of  the  Government  of  Kutais  and  at 
Nicnpol  on  the  Dnieper  are  partii?ularly  rich.  A  large  (juantity  of  the 
ore  (up  to  65000  tons  yearly)  fto  ii  these  localities  is  exported. 

Manganese  gires  oxides  of  t*ie  following  forma  :  MnO,  minganous 
oxide,  and  mnnganous  salts,  WnXj,  corresponding  with  the  ha=e,  which 
resembles  ioaj;nesia  and  ferrous  oxide  in  many  respects  ;  MnjOj,  a 
very  feeble  base,  giving  salts,  MuXj,  analogous  to  the  aluminium  and 
ferric  salts  ;  TtluO,,  dioxide,  generally  called  pwroxide,  an  almost 
indifferent  oxide,  although  feebly  acid  ;  '*  MnOj,  manganic  anhydride, 
which  forms  salts  resembling  potassium  sulphate ;  MdjO,,  permanganic 
anhydride,  giving  salts  analogous  to  the  perchlorates. 

All  tht  oxides  ofmangaiie»e  when  heated  with  acids  give  tnltn,  MuXj, 
corresponding  with  the  lower  grade  of  oxidation,  maityanoug  oxide, 
MnO.  Manganic  oxide,  Mn^Oj,  is  a  feebly  energetic  base  ;  it  is  true 
that  it  dissolves  in  hydrochloric  acid  and  gives  a  dark  solution  con- 
taining the  salt  MnCl,,  but  the  latter  when  heated  evolves  chlorine 
and  gives  a  salt  corresponding  with  manganous  oxide — 1.0.  at  first  : 
Mn,0;,  +  6Ha  =  3H,0  +  MnjCIj,  and  then  the  MjijClg  decomposes 
into  2MnCL.+Clj.  In  this  manner  none  of  the  higher  grades  of 
oxidation  have  a  basic  character,  but  act  as  oxidisinff  agerUa  in  the 
presence  of  aeid»,  disengaging  oxygen  and  passing  into  salts  of  the  lower 
grade  of  oxidation  of  manganese,  MnO.  Owing  to  this  circumstance, 
the  manganom  gaits  are  easily  obtained,  and  they  are  generally  left  in 

■*  Thoiuune  '  [leioiiili! '  ahonld  onlj  be  retained  toi  those  highett  oxides  (itnd  MnO., 
■tftoda  between  MnO  nnd  MnOj)  whicb  by  a  direct  method  oF  double  decompmiitinn  aru 
able  to  either  give  hjdrogeu  peroiido  or  contain  k  larger  proportion  of  oijaen  'i'*"  Iho 
base  or  the  acid  |the  loirer  oiideH),  juHt  as  lijdrug^n  penuide  cnntaini  moreorrKen  tliaa 
w«,Mi.  Their  type  nill  be  H,0.„  and  they  are  eiempUfied  by  barium  pemiide,  BaO„ 
tad  Hnlphor  peroiido,  9.fl-7,  *c.  Soeh  a  dioxide  u  MnO,  ia,  in  all  probabilily,  a  saJt— 
that  is,  a  manganoat  mangannle,  MnO^MiiO,  and  alwi,  an  a  bnaic  aalt  at  a  feeble  base, 
opable  □!  combining  with  alknli^  and  acids.  TbeTetorelhe  Dame  of  inanganeae  peroiide 
■lionld  be  abandoniMi,  and  replaced  by  toanganeie  dioxide.  FbO^  it  better  termed  lead 
dioxide  than  peroxide. 

u  a 
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the  residaal  solution  from  the  application  of  the  peroxide  for  the 
preparation  of  oxygen  and  chlorine  J  ^ 

1'  For  the  preparation  of  oxygen,  maDganese  dioxide  is  heated  with  snlphiirie  acid : 
MnO  >  +  H.2SO4  =  HnS04  +  H^O  t  O ;  or  else  the  dioxide  is  heated  alone  to  a  high  iempeia- 
turr,  when  it  gives  the  intermediate  oxide  SY  nO^  ■«  Mn504  +  O^ ;  when  heated  with  sulphuric 
acid  this  also  gives  manganoos  sulphate  and  oxygen.   For  the  prepaiation  of  chloriiie  the 
dioxide  in  heated  with  hydrochloric  acid,  and  n  anganese  chloride,  HnCl^,  is  obtained  in 
the  residue.    These  two  manganoos  salts  may  be  taken  as  examples  of  the  derivatiTe  of 
manganons  oxide,  MnO.    Manganoos  sulphate  generally  contains  various  imparities, 
from  the  majority  of  which  it  may  be  83f  arated  by  crystallination ;  but  it  generally  ooa> 
tains  a  large  amoont  of  iron  salts,  from  which  it  cannot  be  freed  in  this  manner.    Their 
removal  may,  however,  be  effected  by  mixing  a  portion  of  the  liquid  with  a  sohitiaii  of 
sodium  carbonate;  doable  decomposition  then  en^ue^  in  this  portion,  and  a  precipitate  of 
manganoos  carbonate  is  formed.  This  precipitate  is  collected  and  washed,  and  thmi  added 
to  the  remaining  mass  of  the  impore  solntion  of  manganoos  solphate;  on  heating  the 
Kolotton  with  this  precipitate,  the  whole  of  the  iron  is  precipitated  as  oxide.    Thia  is  doe 
to  tlie  fact  that  in  the  solotion  of  the  manganese  dioxide  in  solphoric  acid  the  whole  of 
the  iron  is  converted  into  the  ferric  state  (becaose  the  peroxide  acts  as  an  oxidising 
agent),  which,  as  an  exceedingly  feebly  energetic  base  precipitated  by  calciom  carbonate 
and  other  kindred  salts,  is  also  precipitated  by  manganoos  carbonate.  After  being  treated 
in  thiH  manner,  the  solotion  of  manganoos  solphate  is  obtained  pore.    If  it  be  a  bright 
red  coIr)ur  it  is  due  to  the  presence  of  higher  grades  of  oxidation  of  manganese ;  they  may 
l>e  destroyed  by  boiling  the  solution,  when  the  oxygen  from  the  oxides  of  manganese  is 
evolved  and  the  nianganous  salt  is  obtained.    This  salt  is  remarkable  for  the  facflity  with 
which  it  gives  various  combinations  with  water.    By  evaporating  the  almost  colourless 
fiolntion  of  wnnganous  sulphate  at  very  low  temperatures,  and  by  cooling  the  saturated 
Holntioii  at  aljout  0",  crystals  are  obtained  containing  7  atoms  of  water  of  crystallisation, 
MnSOt,7H.^O,  which  are   isomorphoos  with  cobaltous  and  ferrous  solphates.    These 
crj-Htalrt,  even  at  10=,  lose  5  p.c.  of  water,  and  completely  effloresce  at  15'',  losing  about 
2i)  ii.c.  of  water.     By  evaporating  a  solotion  of  the  salt  at  the  ordinary  temperatoie, 
but  not  alcove  20',  crystals  are  obtained  containing  5  mol.  H.^O,  which  are  isomorphoos 
with  copper  sulphate ;  whilst  if  the  crj'stallisation  be  carried  on  between  20^  and  8©^, 
large  tranhijureut  prismatic  crjstals  are  formed  containing  4  mol.  H^O  (see  Nickel).    A 
lioiliii;?  M^lution  also  deposits  these  crystals  together  with  crystals  containingS  mol.HjO, 
whilrtt  the  first  salt,  when  fused  and  boiled  with  alcohol,  gives  crystals  containing  S  mol. 
H^O.     Graham  obtained  a  monohydrated  salt  by  drj'ing  the  salt  at  aboot  S00°.   The  last 
atom  of  wuter  i8  eliminated  with  difficulty,  aH  is  the  case  with  all  salts  isomorphoos  with 
ma;^esiuin  sulphate.    The  crystals  containing  a  considerable  amoont  of  water  are  rose- 
coloured,  and  the  anliydroos  crystals  are  oolourless.  The  solubility  of  manganoos  solphate 
is  given  in  Vol.  I.  p.  71,  Xote  24,  whence  it  is  seen  that  at  the  boiling-point  this  salt  is 
much  less  ^olul)le  than  at  lower  t€ni|>eratures,  and  therefore  a  solution  saturated  at  the 
ordinary  ttMiijK'rature  become-*  turbid  when  l>oiled.   Mainpuious  sulphate,  being  analogous 
to  magnesium  sulphate,  is  decomposed,  like  the  latter,  when  ignited,  but  it  does  not  then 
leave  manfranous  oxide,  but  the  intermediate  oxide,  Mn-^04.     It  gives  double  salts  with 
the  alkali  sulihates.     It   is  also  remarkable  that   with  aluminium  solphate  it  forms 
fine    radiated    ciystals    whose    comi>OKition    resembles    that    of    the    aloms— -namely, 
MnAL<SOiij,24H.;0.    This  salt  is  easily  soluble  in  water,  and  occurs  in  nature. 

Mam/anous  chloritlc  crystalli^eb  with  4  mol.  HO.  like  the  ferrous  salt,  and  not  with 
t»  mol.  HjO  like  many  kindred  salts — for  exanij>le,  those  of  cobalt,  calcium,  and  magne- 
sium ;  100  parts  of  water  dissolve  38  parts  of  the  anhydrous  salt  at  10'  and  55  parts  at 
('.2\  Alcohol  also  dissolves  manganons  chloride,  and  the  alcohohc  solntion  boms  with  a 
red  flame.  This  salt,  like  magnesium  chloride,  readily  forms  double  salts.  Potassium 
cyanide  w  ith  nianganous  siilts  produces  a  yellowish-grey  precipitate,  MnCoN-*,  soluble  in 
Hu  exv'oii^s  of  the  reagent,  a  double  salt,  K^MnC^N^,  corresponding  with  potassiom  ferro- 
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The  fact  alone  that  the  oxides  of  nianganeae  are  not  reduced  to 
metal  when  ignited  in  hydrogen  (whilst  the  osides  of  iron  give  metallic 

tjuiiJe,  lieiog  {orued.  On  eTaporation  of  tlus  solution  a,  portion  o[  (he  manganese  ii 
cxiilised  aud  prwipitsted,  nhilat  n  wit  correnpondiug  to  Croelui'a  red  salt,  KjIUnC^Xj, 
rennuDs  in  solution.  Snlpburetted  lijilmgen  does  ooC  precipiUto  the  ul 
not  even  the  acetate,  bat  sjnmoninm  sulphide  gives  a  flesh-coloured  iirecipitate.  Oxilio 
acid  in  strung  solntious  of  raangiuious  salts  givHs  a  fvhiCc  precipitate  of  the  ojalate, 
MtiCiO,.  Tbii  precipitate  is  iniolable  in  water,  and  is  used  tor  the  prepaiation  of 
moji^onoafi  oxide  itself  because  it  decomposefl  ivheu  ignited,  with  the  formation  of 
carbonic  anhydride,  cntbonie  oxide,  and  numganous  oxide.  Manganoua  oti^e  thuB 
obtained  is  a  greea  povder,  which,  however,  oxidises  with  such  facility  that  it  burua 
in  air  when  brouglit  into  contact  with  an  in«ndBBcenl  substance,  and  posses  into  the  red 
intermediate  oxide  MnjO^  ;  so  that  the  above  experiment  must  be  curried  on  in  a  tube 
without  BccesB  of  air.  In  solutions  of  mangonous  salts,  alkalis  produi:o  a  precipitate  of 
the  hydroxide  MnHjO^  which  rapidly  absorbs  oxygen  in  the  presence  o(  air,  and  gives 
Ihe  brown  intermediate  oxide,  or,  more  correctly  ({"ealitng,  its  hydrate. 

Mangonous  oxide,  besides  being  obtained  by  tbe  nbove-described  method  (torn  Dian- 
ganouB  oxalate,  may  also  be  obtained  by  igniting  the  higher  oxides  in  a  stream  ol 
hydrogen  and  also  from  maagoaese  carbonate.  The  manganous  oxide  ignited  in  the 
presence  n(  hydrogen  acquires  a  great  density,  and  is  no  longer  so  easily  oxidised.  U 
luAy  also  be  obtained  in  o.  crystalline  form,  if  daring  the  ignition  of  the  carbonate  or 
higher  oxide  a  trace  of  dry  hydrochloric  acid  gaa  be  passed  into  the  stream  of  hydni^'^n. 
It  is  thus  obtained  In  the  form  of  transparent  iiueTBld  green  crystola  of  the  regular 
system ;  but  in  this  state  it  is  easily  soluble  in  acids. 

Mangonous  oxides  in  oxidising  give  the  red  oiide  of  -moMgitneie,  MnjOj.  This 
is  the  most  stable  of  all  the  oxides  of  manganese  ;  it  is  not  only  stable  at  the  orditiiUT 
but  also  at  a  high  teoiperatare— that  is,  it  does  not  absorb  or  disengage  oxygen  by  itself. 
When  ignited,  ail  the  higher  oiides  of  manganese  pass  into  it  b;  losing  oxygen,  and 
manganouB  oxide  by  absorbing  oxygen.  This  oxide  Loes  not  giie  any  indapeudent  saIIji, 
bat  it  dlHsolvea  in  siilpharic  acid,  forming  a  dark  red  solution,  which  contains  both 
numganous  and  manganic  (of  the  oxxde,  Un,Oj)  sulphates.  The  latter  with  potavsinm 
sulphate  gives  a  manganese  alum,  in  which  the  alumina  is  replaced  by  its  laomoriihoas 
oxide  of  lUKnganese,  But  this  alum,  like  the  solution  of  the  intermediate  oxide  in  snl- 
pburie  acid,  evolves  oxygen  and  leaves  a  manganona  salt,  when  slightly  heated. 

iKaugaaete  dioxide  is  still  less  basic  than  the  oxide,  and  disengages  oxygen  or  a 
halogen  in  the  presence  of  acids,  forming  mangnnoiu  salts.  h~ke  the  oxide.  However,  if  it 
be  plaoed  in  ether,  and  hydrocblorio  acid  gaa  passed  into  the  mixture,  which  is  kept  coot, 
then  the  ether  acquires  a  green  coloor,  owing  to  the  formation  of  a  compound,  MnCli,  cor- 
responding with  the  dioxide  which  passes  into  solntion.  It  is,  however,  very  nnstable 
and  exceedingly  easily  documposed,  with  the  evolution  of  chlorine.  The  corresponding 
fluoride  oblAined  by  Nickles  is  much  more  stable.  At  all  events,  manganese  dioxide  does 
not  exhibit  any  weil-deflned  basic  character,  bat  is  rather  of  an  acid  character,  whicii  is 
particnUrly  shown  in  the  compounds  MnP,  and  HnCLi  jnst  mentioned,  and  in  the  pro- 
perty of  dioxide  of  manganese  of  combining  aith  olkahs.  If  the  higher  grades  of  oxidation 
of  manganese  be  deoxidised  in  the  presence  of  alkalis,  Ihey  tieqnently  give  the  dioxide 
combined  with  the  alkali — for  example,  in  the  preoenoe  of  potash  a  compound  is  formed 
which  GonUins  K,0,SMnO^.  which  shows  the  feeble  acid  cliaracler  of  this  oxide.  When 
ignited  in  the  presence  of  sodium  compounds,  manganese  dioxide  freqneolly  forms  tlie 
componiid  NaijO.lIMnO]  (Rousseau).  In  general,  manganese  dioxide  has  the  character 
of  an  exonedinglj  feebly  energetic  intermediate  o«ide ;  perhaps  it  is  a  saline  compound 
contsining  MnOMnOs  or  (MnO)sUnjOi,  but  there  is  no  flnn  basis  tor  such  a  supposition, 
•Ithoagh  it  is  known  thut  umugonous  chiorido  and  potassium  pertuunganate  give  Iho 
dioxide  in  the  presence  of  alkalis. 

Manganese  dioxide  may  be  obtained  from  mintrsnons  salts  by  the  action  of  oxidising 
agents.    If  manguDous  hydroxide  or  carbonate  be  shaken  ap  in  water  through  which 
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iron  unAfT  these  circumstances),  but  only  to  manganoas  oxide,  MnO, 
Ahovs  that  manganese  has  a  considerable  a^.nity  foroxr^^en — tliati%ii 
ditficTilt  U9  redace.  This  mav  \je  done,  however,  bv  means  of  cfaarooal 
or  s^j^lium  at  a  very  high  tempenture.  A  mixtare  of  one  of  the  oxidfli 
of  n;anganese  with  charcoal  or  organic  matter  gives  fused  mHnUiefnam- 
ffftn^ae  under  the  powerful  heat  developed  by  coke  with  an  artificial 
draught.  The  metal  was  obtained  for  the  first  time  in  this  manner  faj 
Oahn,  after  Pott,  and  more  especially  Scheele.  had  in  the  last  centuiy 
jthoun  the  difference  between  the  compounds  of  iron  and  manganeie 
(they  were  prei'iously  regarded  as  being  the  same).  Manganese  is  pre- 
pared by  mixing  one  of  its  oxides  in  a  finely-divided  state  with  oil  and 
s^jot  ;  the  resultant  mass  is  then  first  ignited  in  order  to  decompose 
the  organic  matter,  and  then  strongly  heated  in  a  charcoal  cmcible. 
Th';  manganese  thus  obtained,  however,  contains,  as  a  rule,  a  consider- 
able amount  of  silicon  and  other  impurities.  Its  specific  gravity  b 
statfd  as  varying  from  7*2  to  8*0.  It  has  a  light  grey  colour,  a  feebly 
rriftallic  lustre,  and  although  it  is  very  hard  it  is  acted  on  by  a  file.  It 
rapi'lly  oxidises  in  air,  being  converted  into  a  black  oxide ;  water 
a<ts  on  it  at  th<?  orrlinary  temperature,  with  the  evolution  of  hydrogen, 

and  this  decomposition  proceeds  very  rapidly  with  boiling  water.*® 

• 

HiloiiiK;  JH  fAHKcd,  then  man^^anese  brpochlorite  is  not  fonae^^  as  is  the  case  with 
votUww  other  oxides,  but  manganese  dioxide  is  precipitated:  SMnOuEU -f  Cl|  « 
Mnri^  "  Mii0.mH,.0^  H...0.  Owing  to  thi«  fact,  hj-poclilorites  in  the  presence  of  alkalk 
Hrul  Kff'tio  acid  vvlien  Hdde<l  to  a  solution  of  manganous  salts  give  hrdrated  manganeaa 
i\'.it\\t\t-,  as  waH  mentioned  al>ove.  Manganous  nitrate  also  leaves  manganese  dioxide 
when  heutf;d  to  liCK/'.  It  is  also  obtained  from  manganous  and  manganic  salts  of  the 
ii!k  ili»,  when  tlicy  are  decomiK>sed  in  the  presence  of  a  small  amount  of  acid;  the  prac- 
tir-iil  niet)io<l  of  converting  the  sa)t<«  MnXj  into  the  higher  grades  of  oxidation  is  given  in 
r'haiifer  II.  Note  «. 

'*'  Other  chemiHlH  have  obtained  manganese  by  different  methods,  and  atkribated 
diffen-nt  proiM;rti»'S  to  it.  Tliis  difference  probably  dei>ends  on  the  impurities  which 
an*  fhH«M)]ved  finrin,':  the  wnelting  of  the  manganese.  It  is  very  possible,  and  even  very 
probable,  that,  b<?sirles  silicon,  manganese  is  able  to  dissolve  carbon — that  is,  to  form  a 
compound  with  it  sonietliing  like  cast  iron — and  this  reason  may  account  for  vaiiationa 
in  its  pn>p<TtieH.  Devillo  obtained  manganese  by  subjecting  the  pure  dioxide,  mixed 
with  pure  charcoal  (from  burnt  sugar),  to  a  strong  heat  in  a  lin>e  crucible  until  the 
renultant  metal  fused.  The  metal  obtained  had  a  rose  tint,  like  bismuth,  and  like  it 
was  very  brittle,  although  exceedingly  hard.  It  decomposed  water  at  the  ordinarj 
temperature.  Brunner  obtained  manganese  having  a  specific  gravity  of  about  7*2,  which 
dccompf)HC»d  wat<.*r  very  feebly  at  the  ordinary  temperature,  did  not  oxidise  in  air,  and 
was  capable  of  taking  a  bright  polisli,  like  steel ;  it  had  the  grey  colour  of  cast  iron,  waa 
verj'  brittle,  and  liard  enough  to  scratch  steel  and  glass,  like  a  diamond.  Brunner'a 
method  was  as  follows.  He  decomi>osed  the  manganese  fluoride  (obtained  as  a  soluble 
compound  by  the  action  of  hydrofluoric  acid  on  manganese  carbonate)  with  sodium,  by 
mixing  these  substances  togetlier  in  a  crucible  and  covering  the  mixture  with  a  layer  ct 
salt  and  fluor  spar;  after  which  the  crucible  was  first  gradually  heated  until  the  reaction 
began,  r  nd  then  strongly  heated  in  order  to  fuse  the  metal  separated.  At  all  events, 
manganese  is  a  motal  which  decomposes  water  more  easily  than  iron,  nickel,  and  cohalt 
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If  mftiigauBBe  dioxide,  or  any  lower  oxide  of  manganeae,  be  lieatvd 
witli  ail  nikali  in  the  presence  of  air,  the  mixture  absorbs  oxygen  from 
tlie  air,"'  and  forms  an  alkaline  mangaiiate  of  a  green  colour : 
2KHO+MnOj  +  0=K.jMnOj  +  HjO.  Steam  is  disengaged  during  the 
iguitioa  of  the  mixture,  and  if  this  does  not  take  place  there  is  uo 
absorption  of  oxygen.  The  oxidation  proceeds  much  more  rapidly  if, 
before  igniting  in  air,  potassium  chlorate  or  nitre  be  added  to  the 
mixture,  and  this  is  the  usual  method  of  preparing  ^faMiuzn  mauganate, 
K^MnO,.  The  resultant  mass  dissolved  in  a  small  quantity  of  water 
gives  a  dark  green  solution,  which,  when  evaporated  under  the  receiver 
of  au  air-pump  over  sulphuric  acid,  deposits  green  crystals  of  exactly 
the  same  form  as  potassium  sulphate — namely,  six-sided  prisms  and 
pj-ramids.  The  composition  of  the  crystals  is  not  changed  by  being  re- 
dissolved,  if  perfectly  pure  water  free  from  air  and  carbonic  acid  be 
taken,  But  in  the  presence  of  even  v«ry  feeble  acids  the  solution  of 
this  salt  changes  its  colour  and  becomes  red,  and  deposits  manganese 
dioxide.  The  same  decomposition  takes  place  when  the  salt  is  heated 
with  wat«r,  but  when  diluted  with  a  large  quantity  of  unboiled  water 
the  manganese  dioxide  is  not  separated,  although  the  solution  turns 
red.  This  change  of  colour  depends  on  the  fact  that  potassium  mau- 
ganate, whose  solution  is  green,  is  transformed  into  potassium  perinau- 
gniiate,  whose  solution  is  of  a  red  colour.  The  reaction  proceeding 
under  the  influence  of  acids  and  a  large  quantity  of  water  is  expressed  in 
the  following  maimer:  3K-iMnO,-|-:>Hp=2KMnO^-hMnOj  +  4KHO. 
^Vheu  there  is  a  small  quantity  of  free  acid  it  combines  with  the 
liberated  alkali.  If  there  is  a  large  projxirtion  of  acid  and  the  decom- 
position is  aided  by  heat,  then  the  manganese  dioxide  and  potassium 
permanganate  are  also  decomposed,  with  formation  of  manganous 
salt.  Exactly  the  same  decomposition  as  takes  place  under  the 
action  of  acids  is  also  accomplished  by  magnesium  sulphate,  which 
reacts  in  many  cases  like  an  actd.  When  water  holding  atmospheric 
oxygen  in  solution  acta  on  a  solution  of  potassium  manganate,  then  the 
oxygen  combines  directly  with  the  manganate  and  forms  potas- 
sium permanganate,  without  precipitating  dioxide  of  manganese : 
2K,MnO(-^-0  +  HJO=2KMnO^-^2KHO.  Thus  a  solution  of  potas- 
sium manganate  undergoes  a  very  chara.cteristic  change  in  colour  and 
passes  from  green  to  red  under  exceedingly  slight  agencies  ;  hence  this 
salt  received  the  name  of  chameleon  jiivteral.^^ 

'I  Vol.  I.  p.  1B7,  Note  T. 

"  It  ««•  Imuwn  by  tliia  nuns  to  tlie  alcliemiati,  but  the  ttuo  eipUniLlioa  ol  Uie 
clunj^  in  colour  \i  due  to  the  rebenrch^s  gf  Cbcvillot.  Edwards,  Mit&cherlkh.  «nd 
FurelUunmur.    Hut  chMigc  in  colonr  ot   potasoiimi  muiguute  u  due  to  it*  inltiv- 
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PoCasnitm  permanganate,  KMnO,,  crystallisea  in  well-formed,  long 
red  priRms  with  a  bright  green  metallic  lustre.  In  the  arts  the  potash 
is  frequently  replaced  by  soda,  and  even  by  other  alkaline  bases,  but  nn 
salt  of  permanganic  acid  crystaUisea  so  well  as  the  potasaium  salt,  and 
therefore  this  salt  is  exclusively  used  in  chemical  laboratories.  One  part 
of  the  crystalline  salt  dissolves  in  15  parts  of  water  at  the  ordinarj- tem- 
perature. The  solution  is  of  a  very  deep  red  eolour,  which  is  so  intense 
that  it  is  still  clearly  observable  after  being  highly  diluted  with  water. 
The  decomposition  a  to  which  this  salt  is  liable  in  many  cases  are  very 
remarkable.  In  a  solid  state  it  is  decomposed  by  heat,  with  evolution 
of  oxygen,  a  residue  consisting  of  the  red  oxido  of  manganese  and 
potassium  oxide  being  left.  The  solution  of  this  salt  with  an  excess  of 
impure  commercial  alkali  generally  acquires  a  green  tint.  The  reoicpn 
of  this  change  in  colour  must  be  ascribed  to  the  fact  that  a  manga- 
nate  is  formed,  and  a  portion  of  the  oxygen  thus  liberated  passes  over 
to  the  organic  matter  mixed  in  the  impure  alkali,  because  pure  solu- 
tions of  alkalis  do  not  produce  a  change  in  colour  even  when  boiled  and 
evaporated.  A  number  of  substances  reduce  potassium  permanganate  to 
manganese  dioxide  ;  many  organic  subatances  {although  far  from  all, 
even  when  boiled  in  a  solution  of  permanganate)  act  in  this  manner, 
being  oxidised  at  the  expense  of  a  portion  of  the  osygen  of  the  perman- 
ganate. Thus,  a  solution  of  sugar  decomposes  a  cold  solution  of  potas- 
sium permanganate.  In  the  presence  of  an  excess  of  alkali,  with  a 
small  quantity  of  sugar,  the  reduction  leads  to  the  formation  of  potai- 
sium    manganate,    because    2KMnO, -|-2KHO=0-F2KsMqO,-|-HjO. 

bilitj  and  to  its  Hpliltiag  up  into  tno  other  mtuigiuiese  Hnnpimnils,  b,  highBr  and  • 
Icnsr:  SMnOj^HniOj  +  MuOg.  MaDKoneBe (rioiide  ia  reall; deci)in|K)Hid in (hJBRUUiM*^ 
bj  the  action  o!  rater  (see  Istar);  BMnOj'f HiO-^SHnI10,  +  MiiOy  (Fiuike,  Tb(«p«ii 
and  Hunbl}-),  The  inattbiHty  ol  the  wit  is  proved  bj  the  tiutot  its  Iwing  detraidiaed  t^i 
orgaiua  mailer,  witli  the  toimatiocnf  tuftDgnnese  dimide  and  alkali,  no  that,  for  m>tanca«. 
A  BnlutioD  of  this  salt  cannot  be  Altered  through  paper.  The  preHence  nl  nn  eicett  off 
alkali  iucreams  the  stability  of  the  salt;  when  heated  it  Liruaka  up  in  thu  prCHne*  iA\ 
water,  with  the  evolution  of  oxygen. 

The  mode  of  preparing  potaatinnijvriiianfaiiafe  will  be  nuderaloud  from  llie  abon). 
There  are  mfluy  receiplB  for  preparing  this  aubBtance,  na  it  ia  now  naed  in  connrtenU*'' 
ijiiantitiea  both  for  leclinical  and  laboratory  purpoaea.  Bat  in  all  cases  the  eaiencv  irf>' 
Che  methods  is  one  and  the  Hune :  a  miitore  of  oltoli  with  any  oxide  of  manganes* 
(even  manganoua  hydrojidc,  which  toay  be  obtained  from  nuuigunoDH  chloride)  is  flirt ' 
healed  in  the  presence  of  air  or  of  an  oxidisiug  snbatam.'e  (for  the  sake  of  qniekness.  with 
potaaaiom  chlorate) ;  the  resultant  muss  is  then  treated  with  water  and  heated,  what 
manganese  dioxide  is  precipitated  and  potas»tun  permaiiganate  remains  in  solation. 
This  Bolotion  mail  be  boiled,  as  the  liquid  will  contain  free  alkali;  bnt  the  mlutioB 
cannot  be  evftpoialed  to  dryness,  because  a  strong  solution,  aa  Hell  as  the  solid  salt,  i* 
ilecara|Kieed  by  heat. 

By  atlding  a  dilute  solution  of  manganonn  sulphate  Id  a  boiling  mixture  of  load 
dioxide  and  dilute  nitnc  acid,  the  whole  of  the  manganese  may  be  coiiTerted  into  pet- 
manganic  acid  (Cram). 
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With  a  coDsidenible  amount  of  sugar  and  a  more  prolonged  action,  the 
solutioD  turns  brown  and  precipitates  manganese  dioxide  or  even 
oxiiie.  When  a  solution  of  potassium  permanganate  mixed  with  alkali 
is  shaken  up  with  a  large  quantity  of  many  organic  substances,  the  oxi- 
dation is  generally  accompanied  by  the  evolution  of  heat  and  precipita- 
tion of  mitnganese  dioxide.  In  this  ctLse  three-eighths  of  the  oxygen 
in  the  salt  are  utilisetl  for  oxidation  :  2KMn04=K50-»-2MnO.^-(-Oa. 
A  portion  of  the  alkali  liberated  is  retained  by  the  manganese  diosidei, 
and  the  Other  portion  generally  combines  with  the  substance  oxidised, 
because  the  latt«r  most  frequently  gives  an  acid  with  an  excess  of  alkali. 
A  solution  of  potAssium  iodide  acts  in  a  similar  manner,  being  convert«d 
into  potassium  iodate  at  the  expense  of  the  three  atoms  of  oxygen  dis- 
engaged by  two  molecules  of  potassium  pei'matiganate.  A  mixture  of 
crystalUsed  potassium  permanganate  and  phosphorus  or  sulphur  takes 
tire  when  rubbed  or  struck  ;  a  mixture  with  charcoal  only  bums  when 
heated  and  not  when  struck.  The  instability  of  the  salt  is  also  seen 
from  the  fact  that  its  solution  is  decomposed  by  hydrogen  peroxide." 

In  the  presence  of  aeuU  j>Qta»titim  manganate  acta  at  an  oxidiiin^ 
agent  with  still  greater  energy  than  in  the  presence  of  alkalis.  At  all 
events,  a  greater  proportion  of  oxygen  is  then  available  for  oxidation, 
namely,  not  ^,  as  in  the  presence  of  alkalis,  but  g,  because  in  the  lirst 
instance  manganese  dioxide  is  formed,  and  in  the  second  case  manga- 
noUB  oxide,  or  rather  the  salt,  MnXj,  corresponding  with  it.  Thus  for 
instance,  in  the  presence  of  an  excess  of  sulphuric  acid,  the  decotn- 
position  is  accomphshed  in  the  following  manner  :  SKMnO, -f  3H,,S0, 
=  Kj80i+2MnSO,-(-3H30-|-50,  This  decomposition,  however, 
does  not  proceed  directly  on  mixing  a  solution  of  the  salt  with 
sulphuric  acid,  and  crystals  of  the  salt  even  dissolve  in  oil  of  vitriol 
without  the  evolution  of  oxygen,  and  this  solution  only  decomposes  hy 
degrees  aftera  certain  time.  This  is  due  to  the  fact  that  sulphuric  acid 
liberates  free  permanganic  acid  from  the  permanganate,"  which  acid  is 

^  A  apjntion  of  patiLBftiimi  penuAiigiinAls  gives  a  be&atiful  nbHorption  fipectniTii.  If 
the  light  in  pusaing  t^ircpu^li  this  floLntion  luaea  u  portion  of  its  nyi  in  it  (if  one  nmy  hO 
■ooooDt  [or  il).thiB  is  portiall;  eiplaiued  b;  the  incroaaed  oxidiung  power  which  Uie  Hala- 
tion then  uqniieB.  We  maj  here  alao  remark  thait  a  dilute  tolation  of  permaaguaate  of 
potauinm  tonna  a  colontlesa  witntiou  with  nickel  tudtt,  because  Uie  green  oolour  of  the 
•olution  of  nickel  aalte  ie  complementary  to  tlie  red.  Such  a  decolorised  tolntioa. 
containing  a  large  proportion  of  nickel  and  a.  small  proportion  of  Diiuigwie*e,dec(iniiiiHee 
after  a  time,  throna  down  aprecipiUte,  and  re-acquiree  the  green  colour  proper  to  Ilia 
nickel  aalta. 

"  U  Bolplitiric  acid  is  allowed  to  act  ou  potasaiam  pemuuiganale  withont  any  speoial 
precautions,  a  large  amount  of  oiygen  is  eiolved  i  it  may  even  explode  uid  inflame),  uid 
violet  apray  of  the  deoomposing  permanganic  acid  ia  jerked  up.  But  if  the  pnre  ult 
(especially  tree  from  chlorine)  be  diasolieil  in  pure  weli-cooled  anlphuric  acid,  without 
any  riae  in  tempentnre,  then  a  green  ooloured  liqoid  letlles  at  the  botlam  ol  the  vesael. 
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staljle  iu  solution.  But  if,  in  the  presence  of  acids  and  a.  permanga- 
nate, tliere  is  a  substance  capable  of  absorbing  oxygen  —for  instance, 
capable  of  passing  into  a  higher  grade  of  oxidation — then  the  reduction 
of  the  permanganic  acid  into  manganoUH  oxides  sometimes  prc^reeds 
directly  on  mixing.  This  reduction  is  very  clearly  seen,  because  the  solu- 
tions of  potassium  permanganate  are  red  whilst  the  manganous  salts  are 


Thit  liijDid  doee  not  conttun  u 
lIn.,D;  (AschaB',  TeneU).  It  i 
ftnhydridfl  by  Uiifl  method,  ae  it  deuompoeea  with  on  explcwioa  ba  it  L-ollectH.  («Talviii^ 
oxygen  and  Jeaving  red  oiide  of  nnuifpineiiD.  Permaa^aHif  anhyiirxiU,  Ita^Oj,  in 
dUBolvini;  in  BDlphuric  acid,  given  &  green  BotutioQ,wbicb(ac«irdingtoFraa)ie,  1887)  ixm- 
Uins  a  compound  Un,80,i,^(3itnOi)jSO,— that  in,  rolpbnriu  acid  in  wKiah  l»th  lifdni- 
gena  are  leplnced  by  tho  groDp  MnOj,  whiLh  ia  combined  with  OK  in  permangaiiKlA  ol 
imtaBsinm.  Tliia  miitnre  with  a  amall  quantity  of  water  givea  Mn,Or.  ncootding  lo  Uw 
eqnatinn:  (UDOj)2804-<-H.,0  =  H.,S04  +  Mn,0„  and  wlien  heated  to  nO°  it  give*  man- 
gantue  trio^de,  (MnO;|-jSDj  +  U.jO^3Mn0:-l-a,SOi^0.  Pare  manganeie  tiiuiide  ia 
olituitied  if  the  nolutian  ot  (UnOjIgSO,  be  poured  in  dro|i>  on  sodium  tarbonate.  TbMi. 
togetlier  with  oarbonic  anhydride,  theiv  flieH  ocer  a  splay  of  manganeM  trJoxide,  which 
may  be  poUeoted  in  a  wall-cooled  receiTer,  and  this  ahowa  tbat  the  reaction  proowcl* 
according  to  the  equation ;  (UnO,)jaO(  +  N«,COj= Na^SO,  +  9MnO.,  +  CO,  +  0  (Thotpel. 
The  trioiide  ie  decorapasad  by  water,  forming  mnngautfse  dioiide  imd  a  ulotJoD  ol 
pertnaiiganie  acid:  aMnO]+HgO°^MnO,  +  aHMnOt.  The  sanie  acid  is  oblainsd  by 
dissolving  permanganic  anhydride  in  water, 

BHriunt  permangauate  when  treated  with  snlphurio  acid  gives  the  ean-a  acid.  This 
barium  salt  may  ba  prepared  by  the  acliuu  of  barium  chloride  on  the  difficnltljr  (oluU* 
silver  iiermanganate,  AgUiiOi,  which  ia  preuipltated  ou  loiliiig  ■  strong  solution  ot  tbt 
potassium  salt  with  eilver  nitrate.  The  solatiou  uf  pennangiuiic  acid  forme  a  bright  red 
liquid  which  reflects  a  dark  violet  tint.  A  dilate  solntiun  hag  exactly  the  aams  mloat 
as  that  of  the  potassium  siUt.  tt  deposits  manganese  dioxide  when  exposed  to  the  actimi 
of  light,  and  also  when  heated  above  (10^.  and  this  proceeds  the  more  rapidly  the  men 
diluted  the  solution.  It  shows  its  oxidising  properties  in  many  cases,  as  baa  alnvlj 
been  suirl  above.  Even  hydrogen  gae  is  Bbnorbed  by  a  solution  of  petnwngmnie  aeid; 
and  charcoal  and  snlphur  are  aiso  oiidised  by  it,  as  they  are  by  pataet ' 
This  may  be  taken  advantage  of  in  analysing  gunpowder,  beaanse  when  it 
with  a  solution  ol  potassium  penimngiinate,  all  the  sulphur  is  converted  into  ..-.pu.^^^ 
Kciil  and  all  the  charcoal  into  caibaniu  anhydride.  Finely-divided  platinDmuntnediMel^ 
"      With  potaaeinm  iodide  it  liberates  iodine  [whieh 


iiidised 
b  (on 


luponied  by  flan 


oiidiaed  with  evolution  of 
Blrong  ftolutioo  may  be  ace 
pemuuiganie  (laid ;  Uiub  a  si 
paper,  alcohol,  alkali  snlphides,  fats,  rtc. 

We  will  eappleuieut  these  data  reapectin 
eonnectod  tactn  :— 

Auconling  to  Franke,  1  part  of  potaisinn 
ftoid  at  100'  gives  brown  crystals  of  the  b 
precipitate  of  hydrated  manganese  dioxide 


h  m^ 
«  it  I* 


:  takes  Ore  when  brought  into  contact  irltM 

;  permanganic  acid  with  the  following  dib- 

perraaugsnate  with  IS  parts  of  salpharle 
Jt  Mn](BO,l,.a...»0,.4H.,O,  which  givaa  > 
H^MnOi-MuO,H,0,  when  treatod  witti 


IgpotS' 


Spring,  hy  ] 
the  I'reFipitate  by  docantati 
eompoiiition  v/i 


lium  permanganate  with  sodioni  sulphite  and  wuhing 
iblained  a  soluble  collojdal  manganese  oiide,  whow 
u  aiujO;  BuJ  MuOi-namcIy,  MnjOj,4(MnO,HjO). 
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ftlnioBt  colourless.  Thus,  for  instance,  nitrouB  acid  and  its  salts  are  con- 
verted into  nitric  acid  and  decolorise  the  acid  solution  of  the  perman- 
ganate. Sulphurous  anhydride  and  its  salts  immediately  decolourise 
potassium  pennangauate,  forming  sulphuric  acid.  Ferrous  salts,  and  in 
general  salts  of  lower  grades  of  oxidation  capable  of  being  oxidised  in  solu- 
tion, act  in  exactly  the  same  mauuer.  Sulphuretted  hydrogen  is  also 
oxidised  into  sulphuric  acid  ;  even  mercury  is  ox.idised  at  the  expense 
of  permanganic  acid,  and  decolorises  its  solution,  being  converted  into 
mercuric  oxide.  These  reactions  may  easily  be  followed  to  the  end, 
and  tlierefore,  having  first  determined  the  amount  of  active  oxygen  in 
cue  volume  of  a  solution  of  potassium  permanganate,  and  knowing  how 
many  volumes  are  required  to  efl'ect  a  given  oxidation,  it  is  easy  to 
determine  the  amount  of  a  substance  which  is  oxidised  in  a  solutiou 
from  the  amount  of  permanganate  expended  (Marguerite's  method). 

The  oxidising  action  of  permanganic  acid,  like  all  other  chemical 
reactions,  is  not  accomplished  instantaneously,  but  only  by  degrees. 
And,  as  tlie  course  of  the  reaction  is  here  easily  followed  by  determining 
the  amount  of  salt  unchanged  in  a  sample  taken  at  a  given  moment, ''^ 
the  oxidising  reaction  of  potassium  permanganate,  in  an  acid  liquid, 
was  employed  by  Harcourt  and  Esson  (1S65)  as  one  of  the  first  cases 
for  the  investigation  of  the  laws  of  the  rate  of  chemical  change  *^  as  a 


*  For  rapid  BJid  uauiata  detdnuiDations  a1  tliia  kind,  adruiUge  is  Cakeo  of  UiOM 
methods  of  dicmicul  analysis  irhich  ore  known  ■■  '  titrMioDs '  (roluinetric  uutlyula),  and 
couaiat  in  measuring  the  volume  of  aolationaof  known  >tren(^b  required  for  the  ooniplete 
cnnvenion  at  it  given  enbstance.  Details  respecting  the  theory  and  pmetira  oF  titration. 
in  which  potasBium  permanguiate  ia  yory  frequently  employed,  muat  be  looked  for  in 
worki  on  analytical  chemistry. 

"  The  meaBaremeHtB  ot  velocity  and  aocelaration  in  mechnni™  servo  for  datermiaing 
the  meaaure  of  forces,  hut  in  thia  uase  the  velocities  ore  maifnitDdea  of  length  or  paths 
pasted  over  in  a  unit  of  time.  The  velocity  of  chemical  change  forms  a  conception  ot 
quite  another  kind.  In  the  Srst  place,  the  velotilies  of  leactiona  are  maguitudes  of  the 
maHsee  irhich  have  entered  into  chemical  Cransformations ;  in  the  second  place,  these 
velocities  can  only  be  relative  quantities.  Hence  the  oonceptjon  of  '  velocity '  has  quite  a 
different  meaning  in  chemistry  from  what  it  lias  in  meehuiiea.  Their  only  common  factor 
is  time.  If  iff  be  the  element  of  time  and  ilr  the  quantity  of  a  substance  clianged  in 
this  element  ot  time,  then  the  fraction  (or  quotient)  Jj:,dt  will  eiproas  the  rate  of  the 
leaetiou.  The  natural  coDolosion,  made  bath  bj  Harcourt  and  Esson,  and  previously  to 
them  (1850)  by  WOhelmj  (utho  investigated  the  rate  of  conversion,  or  inversion,  ol  sugar 
in  its  passage  into  glucose),  coutiata  in  admitting  that  tliis  velocity  is  proportional  to 
the  quantity  ot  substance  still  unchanged— i.e.,  that  iIt'ilt  =  C(A-i),  where  C  is  a 
constant  coefficient  of  proinrtionalily,  and  where  A  is  the  quantity  of  a  aDbstanoe  taken 
for  reaction  at  the  moment  when  (^^0  and  ir  =  0— that  is,  at  the  beginning  ol  the 
ext>eriment,  from  which  the  time  t  and  qnantity  x  ot  substance  unchanged  is  counted. 
On  integnting  the  preceding  equation  we  obtain  log(A,  A— zj^trf,  where  J:  is  a  uew 
constant,  it  we  take  ordinary  (and  not  natural)  logarithms.  Heuoe.  knowing  A,  i.  and  ( 
tor  eacli  reaction,  wo  find  k,  and  it  proves  to  be  a  constant  qnantity.  Thus  from  the 
figure*  cited  in  the  text  tor  the  reaation  SKMnOt  +  IOIC3H3O1  +  liUnSO^  il  may  b« 
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fact  of  great  importance  in  chemical  mechanics.  In  their  experiments 
they  took  oxalic  acid,  C2H2O4,  which  in  oxidising  gives  carbonic 
anhydride,  and,  with  an  excess  of  salpharic  acid,  the  potassium 
permanganate  is  converted  into  manganoos  sulphate,  M11SO4,  so 
that  the  ultimate  oxidation  will  be  expressed  by  the  equation : 
SCjHjO.+SMnKO^  +  SHjSO^  =  IOCOJ+K2SO4  +  2MnS04  +  8H,0. 
The  influence  of  the  relative  amount  of  sulphuric  acid  is  seen  from  the 
annexed  table,  which  gives  the  measure  of  reaction  p  per  100  parts  uf 
potassium  permanganate,  taken  four  minutes  after  mixing,  using  n 
molecules  of  sulphuric  acid,  H2SO4,  per  2KMn04H-5C2H204  : 

n  =  2  4  6  8         12         16         22 

p  =22         36         51         63        77         86         92 

It  is  obvious  that  the  temperature  and  relative  amount  of  every  one  of 
the  acting  and  resulting  substances  should  show  its  influence  on  the 
relative  velocity  of  reaction ;  thus,  for  instance,  direct  experiment 
showed  the  influence  of  the  admixture  of  manganous  sulphate,  depend- 
ing on  the  possibility  of  the  formation  of  manganese  dioxide  by  the  re- 
action of  the  manganous  oxide  on  the  permanganic  acid.  When  a  large 
proportion  of  oxalic  acid  (108  molecules)  was  taken  to  a  large  mass  of 
water  and  to  2  molecules  of  permanganate,  1 4  molecules  of  manganous 
sulphate  was  added,  then  the  quantity  x  of  the  potassium  permanganate 
acted  on  (in  percentages  of  the  potassium  permanganate  taken)  in  t 
minutes  (at  16°)  was  as  follows  : 


/=  2         5         8 

11 

14 

44 

47 

53 

61 

68 

x=rr2    12-1    18-7 

251 

31-3 

68-4 

71-7 

75-8 

79-8 

830 

These  figures  show  that  the  rate  of  reaction — that  is,  the  quantity  of 
permanganate  changed  in  one  minute — decreases  proportionally  to  the 
decrease  in  the  amount  of  unchanged  potassium  permanganate.  In 
one  minute,  at  the  commencement,  about  2*6  per  cent,  of  the  salt 
taken  had  reacted,  and  after  an  hour  about  0*5  per  cent.  The  same 
phenomena  are  observed  in  every  case  which  has  been  investigated, 
and  this  branch  of  theoretical  or  physical  chemistry,  now  studied 
by  many,^^  promises  to  explain  the  course  of  chemical  trans- 
found  that  A;  =  0-0114;  for  example,  ^  =  44,  ;c  =  68-4  (A  =  100),  whence  A;^»  0*5004  and 
A  =  00114. 

*^  The  reeearches  made  by  Hood,  Van't  Hoff,  Ostwald,  Warder,  Menschutkin,  Kono- 
valoff,  and  others  have  a  particular  significance  in  this  subject.  Owing  to  the  com- 
parative novelty  of  this  subject,  and  the  absence  of  applicable  as  well  as  indubitable 
deductions,  I  consider  it  imjiossible  to  enter  into  this  province  of  theoretical  chemistry, 
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formations  from  a  fresh  point  of  view,  which  is  closely  allied  to  the 
doctrine  of  affinitj,  because  the  rate  of  reaction,  without  doubt,  is 
connected  with  the  magnitude  of  the  affinities  acting  between  the 
reacting  substances. 


although  I  am  quite  confident  that  its  development  should  lead  to  very  important  results, 
especially  in  respect  to  chemical  equilibria,  because  Van't  Hoff  has  already  shown  that 
the  limit  of  reaction  in  reversible  reactions  is  determined  by  the  attainment  of  equal 
velocities  for  the  opposite  reactions. 
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CHAPTER  XXII 

IRON,     COBALT,     AND     NICKEL 

Judging  from  their  atomic  weights,  and  the  composition  of  the  higher 
oxides,  it  is  easy  to  form  a  direct  conception  of  the  series  of  elements 
comprehending  seven  groups.     Such  is,  for  instance,  the  typical  series 
Li,  Be,  B,  C,  N,  O,  F,  or  the  third  series,  Na,  Mg,  Al,  Si,  P,  S,  CI. 
It  is  easy  to  form  an  idea  of  the  seven  groups,  because  the  seven  usual 
types  of  oxides  from   RgO  to  R2O7  correspond  with  them   (Chapter 
XV.)-     The  position  of  the  eighth   group  is  quite  separate,  and   is 
determined  by  the  fact  that,  as  we  have  already  seen,  in  each  group  of 
metals  having  a  greater  atomic  weight  than  potassium  a  distinction 
ought  to  be  made  between  the  elements  of  the  even  and  uneven  series. 
The  series  of  even  elements,  commencing  with  a  strikingly  alkab'ne 
element  (potassium,  rubidium,  caesium),  together  with  the  uneven  series 
following  it,  concluding  with  a  haloid  (chlorine,  bromine,  iodine),  forms 
one  large  period,  the  properties  of  whose  members  repeat  themselves  in 
other  similar  periods.     The  elements  of  the  eighth  group  are  situated 
between  the  elements  of  the  even  series  and  the  elements  of  the  uneven 
series  following  them.     And  for  this  reason  elements  of  the  eighth 
group  are  found  in  the  middle  of  each  large  period.     The  properties  of 
the  elements  belonging  to  it  are  shown  with  typical  clearness  in  the 
case  of  iron,  the  well-known  representative  of  this  group. 

Iron  is  one  of  those  elements  which  are  not  only  widely  diffused  in 
the  crust  of  the  earth,  but  also  throughout  the  entire  universe.  Its 
oxides  and  their  various  compounds  are  found  in  the  most  diverse 
portions  of  the  earth's  crust;  but  here  iron  is  always  found  combined 
with  some  other  element.  Iron  is  not  found  on  the  earth's  surface  in 
a  free  state,  because  it  easily  oxidises  under  the  action  of  air.  It  is 
occasionally  found  in  the  native  state  in  meteorites,  or  aerolites,  which 
fall  upon  the  earth. 

Meteoric  iron  is  formed  outside  the  earth.  ^    Meteorites  are  fragments 

'  The  composition  of  meteoric  iron  is  various.    It  generally  contains  nickel,  phos- 
fkorus,  carbon,  &c.    The  Bchreibersite  of  meteoric  stones  contains  Fe4Ni2P. 
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which  are  carried  i-ouod  the  sun  in  orbits,  and  fall  upon  the  earth 
when  coining  into  proximity  with  it  during  their  motion  in  spnce. 
The  meteoric  dust,  on  passing  tlirough  the  upper  parts  of  the  ntnio- 
sphere,  and  becoming  incandescent  from  friction  with  the  gases,  jjro- 
ducea  that  phenomenon  which  is  familiar  under  the  name  of  falling 
stars.*  Such  is  thn  doctrine  conuemtng  meteorites,  and  therefore  the 
fact  of  their  containing  rocky  (siliceous)  matter  and  metallic  iron  shows 
that  outside  the  earth  the  elements  and  their  aggregation  are  in  some 
degree  the  same  as  upon  the  earth  Itself. 

The  most  widely -diSused  terrestrial  compound  of  iron  is  iron 
bisulphide,  FeS,,  or  iron  pyrUfg.  It  occurs  in  formatioiiB  of  lioth 
aqueous  and  igneous  origin,  and  sometimes  in  enormouE  masses.     It  is 

*  Comets  and  Uie  rin^jB  o(  Sutam  ought  now  to  b«  conaid^reil  na  I'onaiHtiiig  o(  nn 
sccamaUtian  ol  such  metwiiic  cosmic  [uuticlea.  PerhApii  the  pari  played  bj  theia 
miaale  bodies  ncabtered  thraughont  apace  is  macb  more  importuil  in  the  turmaliDii  of 
the  Urgent  nOeatia]  bodies  than  nas  hitbeito  conceived.  The  inx-eitigatiDn  of  ibis 
brancb  ot  aatruBouj,  due  tii  Schapparelli,  baa  a  beariat;  on  the  wbole  of  oatnral  Bcicnce. 

The  qneition  ariees  as  to  why  the  irou  in  meteorilea  is  in  a,  free  stale,  whitat  an  earth 
it  U!  in  a  state  ol  unnbination.  Has  not  this  it  tendenej  to  shov  tbe  great  divenitf  in 
the  conditiiMiB  of  oar  orb  from  those  o(  the  rest  ?  My  unswer  to  this  question  haa  bm^] 
already  ^ven  in  Vol.  I.  p.  BflS,  Note  G7.  It  is  my  opinion  l^at  inside  the  eutb  there  ia  a 
mua  umilar  in  compoaition  to  mel«oritps — tlut  is,  cODtaining  rocky  matter  and  metallio 
iron,  partly  carbnretted.  In  ooncluaion,  I  consider  it  will  not  he  out  of  place  to  add  tlis 
following  eTplajiationa.  According  to  the  IbeoT?  ot  the  distribnlioD  of  pressnipa  (lee 
my  treatise,  On  Barometrical  Levelling.  IHTO,  po^a  4S  et  teq.]  in  an  atmoapbere  ot 
mixed  gaaes,  it  follows  that  two  gasefl,  nbose  drnaitlea  are  d  and  if,,  and  irhniw  relative 
quantlciea  or  partial  prraaurea  at  a  oertitin  distance  from  the  centre  ot  atCractiou  are  A 
and  A,,  will,  vhen  at  a  greater  diatanee  Itom  th?  centre  ot  attraction,  present  a  different 
ratio  of  their  masses  x  :  Xi — that  is,  ot  their  partial  preaaares— which  may  be  tonml  by 
lheef|uaLion  d,nofh-\aex)  =  d(iogh,-\ogx,).  It,  for  instance,  <t : 'fi'-a  :  1,  it  ^i^A, 
(that  is  to  say,  the  masaes  are  eqnal  st  the  lover  height) ^  1000,  thrn  when  z-10  the 
magnitDde  of  x,  will  not  be  10  (i.e..  tbe  mass  ot  a  gas  at  a  higher  leiel  whose  detioity 
^1  will  Dot  be  equal  to  the  maas  ot  a  gas  whose  density  "%  aa  was  the  csae  at  a  lower 
level),  but  much  greatei~-namely.  x,sllXl^th&t  ia,  the  lighter  gas  will  predominate 
nrer  a  heavier  one  at  a  higher  level.  Therefore,  when  tbe  whole  maaa  of  tbe  earth  was 
in  a  atate  of  vapour,  the  anhstancen  having  a  greater  vapour  density  aocnmnlateil  about 
tbe  centre  (speaking  relatively,  for  instance,  with  respect  to  tbe  nusa  of  oiygen  alone). 
and  those  with  a  leaser  vapour  donEitv  at  the  snrtace.  And  as  the  density  of  vapours 
depends  on  the  atomic  and  molecular  weights,  then  thnee  nnbstanoea  which  bare  small 
atomic  and  moiecnlar  weights  ought  to  aceumolate  at  the  sarface.  and  those  with  high 
atomic  and  molecular  weights,  which  are  the  least  volatile  and  the  most  difQcult  to 
condense,  at  the  centre.  Thus  it  ia  understood  why  such  light  elements  as  hydrogen, 
carbon,  nitrogen,  oiygen,  widinm,  magnesium,  aluminium,  silicon,  phnsphoms.  iulphur, 
chlorine,  potassium,  caleinm,  and  their  compounda  predominate  at  the  surface  and  fnnu 
the  earth's  cmst.  There  ia  also  now  much  iron  in  tbe  sun,  aa  spactnun  analyaia  showa, 
and  therefore  it  entered  into  the  composition  of  the  earth  and  other  planets,  bat  acca- 
malated  at  the  centre,  because  the  density  of  its  vapour  is  certainly  largo  and  it  easily 
condense!,  not  being  volatile.  There  was  also  oxygen  about  the  centre  of  tlie  earth,  but 
not  snfBoient  to  combine  with  the  iron.  Tlie  greatest  amnnnt  ot  oiygen  (rclativelyl,  oa 
a  much  lighter  element,  accumulated  At  the  surface,  where  we  at  the  present  time 
obaervB  all  oxidised  DompoDuds  and  even  slill  a  remnant  of  free  oxygen. 
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a  substance  having  a  greyish- yellow  colour,  with  a  metallic  lustre,  a 
sp.  gr.  of  5*0,  and  crystallises  in  the  regular  system. 

The  oxides  are  the  principal  ores  used  for  producing  metallic  iron. 
The   majority  of  the  ores  contain   ferric   oxide,  Fe^Oj,  either  in  a 
free  state  or  combined  with  water,  or  else  in  combination  with  femnu 
oxide,  FeO.     The  qualities  and  sorts  of  iron  ores  are  numerous  and 
various.    Ferric  oxide  in  a  separate  form  appears  sometimes  as  crystals 
of  the  rhombohedric  system,  having  a  metallic  lustre  and  greyish  steel 
colour ;  they  are  brittle,  and  form  a  red  powder,  specific  gravity  about 
5*25.      Ferric  oxide  in  type  of  oxidation  and  properties  resembles 
alumina  ;  it  is,  however,  although  with  difficulty,  soluble  in  acids  even 
when  anhydrous.     The  crystalline  oxide  bears  the  name  of  spectUar 
iron  ore,  but  ferric  oxide  most  often  occurs  in  a  non-crystalliue  form, 
in  masses  having  a  red  fracture,  and  is  then  known  as  red  hasnuUite. 
In  this  form,  however,  it  is  rather  a  rare  ore,  and  is  principally  found 
in  veins.     The  hydrates  of  ferric  oxide,  ferric  hydroxides,'  are  most 
often  found  in  aqueous  or  stratified   formations,  and  are  known  as 
brotrn  h(ematite8;  they  generally  have  a  brown  colour,  form  a  yellowish- 
brown  powder,  have  no  metallic  lustre,  but  an  earthy  appearance.    They 
easily  dissolve  in  acids,  and  diffuse  through  other  formations,  especially 
clays  (for  instance,  ochre) ;  they  sometimes  occur  in  reniform  and  simOar 
masses,  evidently  of  aqueous  origin.  Such  are,  for  instance,  the  so-called 
bog  or  lake  and  peat  ores  found  at  the  bottom  of  marshes  and  lakes, 
and  also  under  and  in  peat  beds.     This  ore  is  formed  from  water  con- 
taining ferrous  carbonate  in  solution,  which,  after  absorbing  oxygen, 
deposits  ferric  hydroxide.     In  rivers  and  springs  iron  is  found  in  solu- 
tion, through  the  assistance  of  carbonic  acid,  as  ferrous  carbonate : 
hence  the  existence  of  chalybeate  springs  containing  a  considerable 
amount  of  ferrous  carbonate,   FeCOs.      This  ferrous  carbonate,   or 
aiderite,   is  either  found  as  a   non-crystalline  product  of  evidently 
aqueous  origin,  or  as  a  crystalline  spar  called  spathic  iron  ore.      In  the 
first  shape  the  reniform  deposits  of  this  ore  are   most  remarkable ; 
they  are  called  spherosiderites,  and  sometimes  form  whole  light  strata 
in   the  Jurassic   and   carboniferous   formations.      MagnHic   iron  ore, 
Fe304=FeO,Fe203,  in  virtue  of  its  purity  and  practical  uses,  is  a  very 

5  The  liydrated  ferric  oxide  is  found  in  nature  in  a  dual  form.  It  is  somewliat  rarely 
met  with  in  the  form  of  a  crystaUine  mineral  called  giSthife,  whose  specific  gravity  is  4*4 
and  comi)osition  Fe-jH20,|,  or  FeHO.2— that  is,  one  of  oxide  of  iron  to  one  of  water: 
Fe.jO-.H2O ;  most  often  found  as  brown  ironstone,  forming  dense  masses  of  fibrous 
renif«.>rm  deposits  containing  2Fe.2O3.8HoO — that  is,  having  a  composition  Fe4H<;0,>.  In 
bog  ore  and  other  similar  ores  we  most  often  find  a  mixture  of  this  liydrated  ferric  oxide 
with  clay  and  other  impurities.  The  Hxjecitic  gravity  of  such  formations  is  rarely  as 
high  as  40. 
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important  ore  ;  it  is  a  compound  of  the  ferroos  iind  ferric  oxides,  it  is 
naturally  magnetic,  lins  a  specific  gravity  of  5'1,  crystallises  in  well- 
fomietl  crystals  of  the  regular  systom,  is  with  difficulty  soluble  in  acids, 
and  sometimes  forms  enormous  masses,  as,  for  instance.  Mount  Blagodat 
in  the  Ural,  However,  in  most  cases — for  instance,  at  Korsak-Mogila 
(to  the  north  of  Berdiansk  and  Nogaiska,  near  the  Azov  Sea),  or  at 
Krivoi  Kog  (to  the  west  of  EkaterJnos[av)^the  magnetic  iron  ore  ia 
mixed  with  other  ii'on  ores.  In  the  Unils,  the  Caucasua  (not  to  men- 
tion Siberia),  and  in  the  districts  adjoinins  the  coal  basin  of  the  Don, 
Russia  possesses  the  richest  iron  ores  in  the  world.  To  the  south  of 
Moscow,  in  tlie  Governments  of  Toula  and  Nijniiiovgorod,  in  the 
Olonetz  district,  and  in  the  Government  of  OHoffsky  (near  Zinovieff  in 
the  district  of  Kromsky),  and  in  iraiy  other  places,  there  are  likewise 
abundant  supplies  of  iron  ores  an  ongst  the  deposited  aqueous  forma- 
tions ;  the  siderite  of  OitoCTsky,  for  instance,  is  distinguished  by  its 
great  purity,' 

Iron  is  also  found  in  the  form  of  various  other  compounds — for 
instance,  in  certain  silicates,  and  also  in  some  phosphates ;  but  these 
forms  are  comparatively  rare  in  nature  in  a  pure  state,  and  have  not 
the  industrial  importance  of  those  natural  compounds  of  iron  pre- 
viously mentioned.  In  small  quantities  iron  enters  into  the  composi- 
tion of  every  kind  of  soil  and  all  rocky  formations.  As  ferrous  oxide 
is  isomorphous  with  magnesia,  and  ferric  oxide  witli  ahiiiiina,  iso- 
morphouE  substitution  is  possible  here,  and  therefore  minerals  are 
not  Tinfrpquently  found  in  which  the  quantity  of  iron  considerably 
varies ;  such,  for  instance,  are  pyroxene,  amphibole,  certain  varieties 
of  mica,  &c.  Although  much  iron  oxide  is  deleterious  to  the  growth  of 
vegetation,  still  plants  do  not  flourish  without  iron  ;  it  enters  as  an 
indispensable  component  into  the  composition  of  all  liigher  orgnnianut ; 
in  the  ash  of  plants  we  always  find  more  or  less  of  its  compounds.  It 
also  even  enters  into  the  blood,  and  forms  one  of  the  colouring  matters 
in  it ;  100  parts  of  the  blood  of  the  highest  organisms  contain  about 
005  of  iron. 

*  The  orra  of  iron,  HiniUrly  to  all  snbst&ncea  extnuiled  from  vsinti  Mid  d?i»*iU,  an 
worked  acimrAiiig  to  mining  practice  by  meuii  of  Tetticftl,  hori&inlal,  or  inclined  em- 
Tktions  which  reach  and  penetmle  tbe  veini  and  ntrals  ronttunintr  the  l^re  deitoalti. 
The  Buus  rd  ore  eicavftled  IB  niBed  to  the  Burfacu,  Ihi-o  sorted  either  br  hum)  or  alia  in 
■pecial  sorting  appanlna  (generully  ac tiu);  with  water  to  wash  the  ore),  and  ii  aabjected 
to  roaatinit  and  other  treatmonl.  In  everj-  catis  the  ore  oontnins  foreiRn  matter.  In  Uu 
extraction  of  iron,  which  ia  one  of  the  cheapeat  metala,  the  dreasing  of  an  ore  t*  in  moat 
caeea  iinprofltable,  and  onl;  nrea  rich  in  metal  are  wurknd — nunetj',  thoie  containing  at 
Imal  20  p.c.  It  ia  often  profitable  to  tranaport  rich  (aa  much  aa  70  p.c.  of  iron  I  and  pure 
oree  from  long  di»tancea.  The  detaila  concerning  the  working  and  eitraction  of  metall 
will  be  found  in  apodal  trealiaea  on  mel^llarg;  and  mining. 
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The  redtictian  of  the  ores  of  iron  into  metallic  iron  is  in.  principb 
very  simple,  because  when  the  oxides  of  iron  are  strongly  heated 
with  charcoal,  hydrogen,  carbonic  oxide,  and  other  reducing  agents,^ 
they  easily  give  metallic  iron.  But  the  matter  is  rendered  more 
difhcult  by  the  fact  that  the  iron  does  not  melt  at  the  heat  de- 
veloped by  the  combustion  of  the  charcoal,  and  therefore  it  does  not 
separate  from  those  mechanically  mixed  impurities  which  are  found  in 
the  iron  ore.  In  this  way  it  would  be  impossible  to  produce  laige 
quantities  of  iron  cheaply,  bacause  after  every  operation  it  would  be 
necessary  to  clean  out  the  apparatus  in  which  the  ore  was  heated  with 
charcoal.  This  is  obviated  by  the  following  very  remarkable  property 
of  iron  :  at  a  high  temperature  it  is  capable  of  combining  with  a  small 
quantity  (from  2  to  5  p.c.)  of  carbon,  and  then  forms  cast  iron,  which 
easily  melts  in  the  heat  developed  by  the  combustion  of  charcoal  in  .•or. 
For  this  reason  metallic  iron  is  not  obtained  directly  from  the  ore,  but 
is  only  formed  after  the  further  treatment  of  the  cast  iron  ;  the  first 
])roduct  extracted  from  the  ore  being  cast  iron.  The  fused  mass  dis- 
poses itself  in  the  furnace  below  the  slags — that  is,  the  impurities  of  the 
ore  fused  by  the  heat  of  the  furnace.      If  these  impurities  did  not  fuse 

*  The  reduction  of  iron  oxides  by  hydrogen  belongs  to  the  order  of  the  reversible 
reactions  (Chapter  U.),  p.nd  is  therefore  determined  by  a  limit  which  is  here  expressed 
by  the  attainment  of  tlie  same  pressure  as  in  the  case  where  hydrogen  acts  on  iron 
oxidj^s,  and  as  in  the  case  where  (at  the  same  temperature)  water  is  decomposed  by 
TtH'tallic  ir(ui.  The  calculations  referring  to  this  matter  were  made  by  Henri  Sainte-CUurs 
Deville  (IKTO).  Spongy  iron  was  placed  in  a  tube  having  a  temperature  (,  one  end  of 
which  was  connected  with  a  vessel  containing  wat<;r  at  O'^  (vapour  tension  =s4'0  mm.) 
Hiid  the  other  end  with  a  mercury  pump  and  pressure  gauge  which  determined  the 
limiting  tension  attained  by  the  dry  hydrogen  jt  (subtracting  the  tension  of  the  water 
vapour  from  the  teubion  observed).  A  tube  was  then  taken  containing  an  excess  of  iron 
().\id<-.  It  wuK  filled  with  hydroj'en,  and  the  tension  pi  of  the  hydrogen  which  remained 
wlicu  the  water  condensed  at  0'  was  taken. 


t   =20(P 

440^ 

8(50'= 

1040^ 

J)  =-950 

25-8 

12-8 

9*2  mm. 

P\^  — 

— 

12-8 

9'4  mm. 

The  equality  of  the  pressure  (tension)  of  the  hydrogen  in  both  cases  is  evident.     The 
hydrogi'ii  here  behaves  like  the  vapour  of  iron  or  of  its  oxide. 

When  Moissnn  took  ferric  oxide,  Fe.jO,-,,  he  observed  that  at  850°  it  passed  into 
mognetic  oxide,  Fe^Oj,  at  500^  into  ferrous  oxide,  FeO,  and  at  GOO^  into  metallic  iron. 
Wright  and  Luff  (1878),  whilst  investigating  the  reduction  of  oxides,  found  (a)  that  the 
temperature  of  reaction  depends  on  the  condition  of  the  oxide  taken — for  instance, 
precipitated  cuprio  oxide  is  reduced  by  hydrogen  at  w5  ^  that  obtained  by  oxidising  the 
/metal  or  from  its  nitrate  at  175'^;  (h)  when  otlier  conditions  are  the  same,  the  reduction 
by  carbonic  oxide  conmiences  earli«.'r  than  that  by  hydrogen,  and  the  redaction  by 
hydrogen  still  earlier  than  that  by  charcoal ;  (c)  the  reducti()n  is  effected  with  greater 
facility  when  a  greater  quantity  of  heat  is  evolved  during  the  reaction.  Ferric  oxide 
obtained  by  heating  ferrous  sulphate  to  a  red  heat  begins  to  be  reduced  by  carbonic 
o\ide  at  202  ,  by  hydrogen  at  200- ,  by  charcoal  at  430^,  whilst  for  magnetic  oxide,  Fe^O^ 
the  temperatures  are  200'-,  290-,  and  450^  re8i)ectively. 
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they  would  block  up  the  furnace  in  which  the  ore  was  being  smelted, 
and  the  uninterrupted  continuation  of  the  smelting  of  the  cast  iron 
■wouM  not  be  possible  ;*  it  would  be  necessary  periodically  to  cool  the 
furnace  and  heat  it  up  again,  which  means  a  wasteful  expense  of  fuel, 
Biid  therefore  in  the  production  of  cast  iron  the  object  in  view  is  to 
obtain  all  the  earthy  impurities  of  the  ore  in  the  shape  of  a  fused  mass 
or  slug.  Only  in  rare  cases  does  the  ore  itself  form  a  mass  which  fuses 
at  the  temperature  employed,  and  these  cases  are  even  objectionable 
if  much  iron  oxide  is  carried  away  in  the  s!ag.  The  impurities  of  the 
ores  most  often  consist  of  certain  mixtures — for  instance,  a  mixture 
of  clay  and  sand,  or  a  mixture  of  lintestone  and  clay,  or  quart;;,  and 
often  of  silica,  Ac,  These  impurities  do  not  sepai-ate  of  themselves, 
or  do  not  fuse — for  instance,  lime  and  silica  only  fuse  when  sub- 
jected to  the  strongest  heat.  The  difficulty  of  the  industry  lies  in 
forming  an  easily 'fusible  slag,  into  which  the  whole  of  the  foreign 
matter  of  the  ore  would  pass  and  Sow  down  to  the  bottom  of  the 
furnace  above  the  heavier  cast  iron.  This  is  eflected  by  mixing  certain 
fitixes  with  tlie  ore  and  charcoal.  A  flux  is  a  substance  which,  when 
mixed  with  the  foreign  matter  of  the  ore,  forms  a  fusible  vitreous  mass 
or  slag.  The  flux  used  for  silica  is  Hmestj^ne  with  clay  ;  for  limestone, 
silica  is  used,  the  best  procedui-e  having  been  arrived  at  by  experiment 
and  by  long  practice  in  iron  smelting.^ 


*  The  piimitive  mathodK  cit  iron  nutnatnctnre  were  aandacted  b;  mteim{ll«nt  pro- 
cesMsxii  Itfiullis  resembUng  smithH'  firea,  CommeiiciDgwitli  the  uninteiTupBud  action  ol 
the  (leMii  biiiler,  or  the  ffrvauBt,  at  lime  bnmiiiKi  and  up  to  the  n>ntiiiium!i  prepuration  and 
oomleDUtion  of  eolphnric  acid  or  the  umntaiTicpted  amelting  af  ima,  a\-exj  induHtriol 
ptodncUnn  bwtomea  partioularl;  piofituble  and  oomplete  nndoi  the  coaditioDB  of  the  eon- 
tinnonii  nctioD,  u  (ar  as  pasHibU,  ol  iill  at^ndes  Doncemei]  in  the  production.  Tiat 
cODtinuooa  method  of  production  ia  the  BrU  con  ditiiMi  tor  the  profitable  production  on 
the  largs  Kale  ol  nearly  all  indDBtiini  products. 

*  Th<  compoaittou  ol  alag  BDitahle  for  iron  snielting  moat  often  appniachei  th« 
fnUowiU|!t  GO  to  00  p.c  B!0.,,  S  to  SO  AliOj.  and  the  rest  of  tlie  mass  couaiating  o( 
HvO,  CaO.  UiiO.  FeO,  R.jO,  NigO.  Thua  the  most  Insible  slag  (according  to  tile  obser- 
lation*  of  Bodeman)  contatni  the  alloy  A1.,0^,«Oa0,T5iO.j.  Oil  chaagiag  the  quanlity 
of  ma^eaia  and  lime,  and  eipeciall;  of  tbo  olkulia  (the  fuubilitj  incrsaaea)  and  of  BJIicA 
(thelu«ibilib;dw:rm*«a),the  tempentare  u(  f  asion  chaugea  witli  the  relation  bo  tureen  the 
i)u»ntitir  of  uiyi^  to  that  in  the  ailica.  Slaga  of  the  oompoeition  BO,SiOg  mxii  easily 
liuihla.  hare  a  vitreoua  appearance,  and  are  vsiry  oonunon.  Banc  ikgn  appnwi>b  Llie 
oompoaiti'in  9BO,SiO:i.  Therefore,  knowing  the  composition  and  qsantity  ol  the  foreign 
jnatMr  in  the  on  it  ia  at  oncu  oaBy  to  fiud  the  quantity  and  qnalit;  ol  tlia  Ilui  irhich 
mtui  be  aitdo)  to  lonn  a  anitable  atag.  The  Kmelting  of  iron  is  rendered  more  complex 
by  the  last  tbnt  the  allioa,  SiO.,.  nhich  entera  into  the  ehtg  and  flaxea  ia  capable  of  torm- 
JDg  a  %\tf  with  tba  iron  oildca.  In  order  thai  tbe  least  qnantity  of  iron  may  pais  inti) 
Iheilag.tt  i-ineceaearyloritlobo  reduced  before  the  leaiporatureia  attained  at  which  the 
Hlaga  are  formed  (about  1000°),  which  in  effected  by  rnlucing  the  iron,  not  with  chartoal 
itaell.  but  with  caflwnie  oiide.  Ftom  Ihii.  it  will  Iw  ondcratood  liow  the  progreaa  o(  the 
whole  trcaluMKit  may  be  judged  by  the  pratierliea  of  the  alaga. 
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'lhu:>  the  tollowiiig  materiab  have  to  be  intradneed 
N^lteio  the  >uieituig  of  the  iron  ore  is  earned  oil:  tl)  the  irao  ov^ 
ooiii^Hjst^J  i»t  i^xide  o£  iron  and  foreign  matter :  i'l)  die  tbix  reqaired  to 
t'uiiu  I  tu>ible  slaic  with  the  foreign  matter :  (3^  theeuina  wldciiii 
tuvoA^u'v  \'(y  tor  rtnluoing,  (b)  for  combinin<^  with  the  inm  rgduced 
(a  iv)im  owl  iron,  c-)  principaUy  for  the  purpose  of  mmliiBUiott  and 
(he  luul  :;^iit;i-Hteil  thereby,  aecessarv  not  only  for  i educing  the  iroo 
iihl  u-aii<aoruiiug  it  into  oast  iron,  but  also  for  meitmi^  the  slags  as 
woli  ;i.N  tho  oasi  :nm — the  reaction  ot  reduction  is  only  aocomplished 
ta  i  hi^h  t«>uit»eracure — and  (4)  the  aiir  necessary  for  the  combustioa 
ot  tho  ohiiiwittl.  The  air  is  introduced  riffcer  a  preparatorr  heatiog 
(auJ  ilrvii%  if  luoist).  in  order  to  <»conomiae  fuel  and  to  obtain  the 
hijk;hoN(  t-em(.)eracure.  The  air  ia  forr:ed  in  under  pieisuie  by  means 
ot*  .i  s^iocial  blast  arrangement.  This  permits  of  an  exact  regulation 
ot'  I  he  heat  :uid  rate  of  ^smelting:  All  these  Lijmponent  parts  neces* 
>>4^rv  tor  the  smelting  of  iron  mnst  be  ci)ntain»i  in  a  verticaL  that 
i.^  <j)ajy  'umacf^  which  at  the  ha^e  must  hiive  a  receptacle  for  the 
uccumuiatiou  of  the  aiag  and  ra^t  iron  formed,  in  order  to  proceed 
\^  ithouc  interruption.  The  walls  of  auch  a  famace  ouidit  to  be  built 
v>t  tirt* proof  materials  if  it  Vie  d^^ignM  to  serve  for  the  continuous 
pi\H.t action  of  cast  iron  by  charing  the  ore.  fueL  and  flux  into  the 
Tiioutii  of  the  furnace,  forcing  a  bla^t  of  air  into  the  lower  part^  and 
running  «iut  the  molten  iron  and  alag  fr«-*m  below.  The  whole  opera- 
tiou  is  ciinducted  in  famac#?s  known  a^  h^nitf  j^nMscmK  The  annexed 
i  I  lustration  reprej*entA  the  rortical  Jiection  of  such  a  famace.  These 
furnaces  are  generally  tA  Urgft  dimenfiions— Taryina:  from  50  to  90 
feet  in  height.  They  are  off.en  1/uilt  against  some  rising  ground  or 
other  in  order  to  afford  eaiiy  n/:ce<w  to  the  most  elerated  parts  where  the 
ore,  flux,  and  charcoal  or  c^»Ve  are  chargerl.^ 

'  The  section  of  a  hlftut  fnrnn/M  in  r*'\tfm:^*^l^A  by  two  tnmc«ted  cones  joined  •X  their 
bA8«M),  the  higher  cone  >jeinf(  \tmyanr  th«n  th#;  \tm*^  one ;  the  lover  cooe  ts  termmated  by 
tile  hearth,  O,  or  aInio«tt  rjXmAnruX  ravity  in  whirh  the  ca«t  iron  and  slag  collects.  ^^m> 
Hide  being  prorided  with  ap«rtar«;«i  Urr  flrawing  off  the  iron  and  slag.  The  azr  is  blown 
intt>  the  blast  famace  thrrmgh  Hp#!^ial  fnimn,  T,  nitnated  over  the  hearth,  as  shown  in  the 
K«H.'ttoii.  The  air  previoaNly  patMes  thrrmgh  a  iMfriefl  of  cast-iron  pipes,  heated  by  the 
vi»uibuKtiett  of  the  carbonic  oxi^le  obtained  from  the  npper  part;}  of  the  famace,  wbei« 
it  ifei  formed  a»  in  a  *  gaA-prodooer/  The  blaat  furnace  acts  continnoosly  until  it  is  worn 
iHit;  the  iron  \»  tapped  off  twice  a  day,  and  the  famace  is  allowed  to  cool  a  Httle 
frvxu  time  to  time  so  as  not  to  be  spoilt  by  tlie  increasing  heat,  and  to  enable  it  to  with- 
Mtaiid  a  longer  campaign. 

lu  order  to  more  thoroughly  grasp  the  chemical  process  which  is  efEected  in  blast 
furiiac^eri,  it  is  necessary  to  follow  the  coarse  of  the  matter  charged  in  at  the  top  and 
the  air  passing  through  the  famace.  From  50  to  200  parts  of  carbon  are  expended 
ivii  100  parts  of  iron.  These  qoantities  are  charged  into  the  top  of  the  famace,  in 
h^vriA,  as  the  cast  iron  is  formed  in  the  lower  parts  and  flowing  down  to  the  bottom 
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The  east  iron  formed  in  blast  fumac«a  is  not  always  of  the  same 
quality.     When  slowly  cooled  it  is  soft,  has  a  grey  colour,  and  is  not 


llie  tup,  wliiah 
ward  conrsa  ttua  ini 
firit  drives  off  tho  c 


is  subjected  to  increoiiug  lieat.    This  riw  nf  temperature 
of  the  ore  miitura,  and  then  lekda  to  the  fornution  ol 
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coiiiptetely  soluble  ia  acids.  When  treated  with  actdfi  a  residue  of 
gmphiU)  remains  ;  it  is  known  as  gre^y  or  soft  cast  iron.  Tliis  is  tlie 
gifiieral  form  of  the  oi-dinary  cast  iron  used  for  casting  various  objects, 
bi^cause  in  this  state  it  ia  not  bo  Virittle  aa  in  the  shape  of  white  cast 
iruH,  which  does  not  leave  particles  of  graphite  when  dissolved,  but 
yields  its  carbon  in  ihe  form  of  hydrocarbons.  This  white  cost  iron 
is  characterised  by  its  whitish- grey  colour,  dull  lustre,  the  crystalline 
structure  of  its  fracture,  and  such  hardness  that  a  iile  will  hardly 
cut  it.  '^^'hen  white  cast  iron  is  produced  (from  manganese  ore)  at 
high  temperatures  {and  with  an  excess  of  lime),  and  containing  but 
little  sulphur  and  silica,  but  a.  considerable  amount  of  carbon  {as  much 
ns  6  p.c),  it  acquires  a  coarse  crystalline  structure  which  increases  in 


(□rther  snbsidence  and  contact  vith  carbon,  (otmB  cost  inm,  wliicli  flowa  \ri  the  Imtdnn 
ol  tha  furniidB.  In  tlioBB  lower  layerB,  wharo  tlio  tomperatnre  is  most  eleTsletl  obonl 
1S00°),  Ihe  foreign  tunlter  of  tlie  om  finally  lortaH  olsg.iUBO  (nsible,  with  the  fluxes.  TheM 
txe  the  proceswa  u<comp1iebed  b;  the  masB  oI  the  prodDCtt  chwrged  in  from  ftbova. 
The  nir  blown  in  from  below,  throngh  the  Bo-called  tvyerei,  encouoters  csrhoa  In  tha 
lower  layers  of  the  fomiwo,  and  boms  it,  converting  it  into  cubonie  anhydriHe.  It  U 
evident  that  tliie  developa  the  highest  temperttare  in  these  lower  layers  of  the  fnmoce, 
becanne  here  the  corabastion  of  the  carbon  ia  effected  at  the  expense  ot  heated  and  com- 
pressed  air.  This  is  very  important,  becaofle  with  the  ojuistonce  ot  this  high  temperature 
the  procesB  of  forming  the  slog  and  llikt  ot  torniiiig  the  oast  iron  are  aimultuieoualy  ter- 
minated in  these  tower  portions  ot  the  tumace.  The  carboaio  acid  lormed  in  these  parte 
rises  higher,  enconnteni  iucandesceat  f  orbon,  and  forms  with  it  carbonic  oiide.  This 
heated  carbonic  oxide  acts  aa  a  reducing  agent  on  the  iron  ore,  and  is  then  turned  ogivn 
by  it  into  oorbonia  anhydride ;  this  gaa  again  meets  with  carbon,  and  again  torma  car- 
bonic Diide,  which  again  acts  na  a  redncing  agent.  The  fliinl  transformation  of  the  car- 
bonic anhydride  into  carbonic  oxide  ia  etfeeled  in  those  parts  of  the  fomace  whera 
the  reduction  of  the  oxides  of  iron  does  not  take  place,  but  where  the  tempetatora 
is  ao  high  as  to  he  soBlcient  to  rednee  the  carbonic  anhydride.  The  ascendiag 
luiiture  of  caihonio  oxide  and  nitrogen  ot  the  air  is  then  withdrawn  tbroagh  special 
lateral  apertures  farmed  in  the  upper  cold  parts  ol  the  furnace  walla.  The  miitore  «t 
carbonio  oxide  and  nitrogen  ia  conducted  through  pipes  to  those  atDTOB  which  are  dsbI 
tor  heating  the  air,  and  also  sometimea  into  other  furnaces  used  lor  the  further  procetaM 

best  but  moat  expeneive  material,  because  it  doee  not  contain  salphnr),  anthracite  (tor 
inatance,  in  Pennaylvonia,  and  in  Russia  at  Pastonhoff's  works  in  the  Don  district^,  coItB, 
cool,  and  even  wood  and  peat.  It  must  be  Ixime  in  mind  that  the  utilisation  ot  napbtb* 
and  nophtha  refuse  would  probably  give  very  profitable  results  in  metallurgical  proceMefc 
*  Here  experiments  ore  absolutely  neceSBary.  and  particuli^rly  important  tor  Russia,  becana*. 
Ibe  Caacaius  is  capable  ot  yielding  vUHt  quantities  of  naphtha.  Vapours  and  gases  oagM 
hi  general  to  be  applied  to  the  metallurgy  ol  iron,  which  is  at  present  eiclnsJTely  boead 
en  the  appIicaUon  ol  solid  fuel. 

The  process  jnst  described  is,  i(  it  may  be  so  eipreased,  worked  side  by  side  with 
a  series  of  smaller  processes.  Thas,  for  instance,  in  the  blast  fumace  a  eonaiderabla 
ijuantity  ot  cyanogeo  compounds  are  formed.    This  takes  place  because  the  nitrogen  ol 

conlnined  in   the  foreign  matter  of  the  ore«.     A   considerable  quantity 
cVBHide  is  formed  when  wood  charcoal  is  employed  for  iron  smelting,  «a 
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proportion  to  the  amount  of  mangnncs*,  and  it  is  then  km 
the  nitme  of  'apie^leisen'  (and  '  ferro- manganese ').' 

Coat  iron  is  a  material  which  is  either  auitaljle  for  direct  application 
for  casting  in  moulds  or  else  for  working  op  into  wrought  iron  and 
»te«l.  The  latter  principally  diEFer  from  cast  iron  in  their  containing 
less  carbon — thus,  steel  contains  from  I  p.c.  to  0'5  p,c.  of  carbon  and 
far  less  silicon  and  manganese  than  cast  iron  ;  wrought  i 
not  generally  contain  more  than  0'2S  p.c.  of  cartwn  and  not  more  than 
0'25  p.c.  of  the  other  impurities.  Thus  the  essence  of  the  working  up 
(if  cast  iron  into  steel  and  wrought  iroa  consists  in  the  removal  uf  the 
greater  part  of  the  carbon.  This  is  effected  by  means  of  oxidation, 
because  tlie  oxygen  of  the  atmosphere,  oxidising  the  iron  at  a  high 
temperature,  forms  solid  oxides  with  it ;  and  the  latter,  coming  into 
contact  with  the  carbon  contained  in  the  cast  iron,  are  deoxidised, 
forming  wrought  iron  and  carbonic  oxide,  which  is  evolved  from  the 
mass  in  a  gaseous  form.  It  is  evideut  that  the  oxidation  must  ho 
carried  on  with  a  molten  mass  in  a  state  of  agitation,  so  that  the 
oxygen  of  the  air,  passing  over  the  surface  of  the  iron,  may  be  brought 
into  contact  with  the  whole  moss  of  carbon  contained  in  the  cast  iron. 


•  The  speeifle  giwity  of  white  c*«t  i 
■pedao  giavity,  nuael]'.  70.  Gray  aa. 
nuvenlin  thaii  vhite;  bat  both  conta 
betnan  the  Tuietiea  of  cast  iron  A 
enter*  into  the  uomposilion  of  tho  iron, 
in  all  pTobabiJity  ■ 


on  IH  ftbonl  7-B.  Clraj  ciat  iron  has  a  mnch  lower 
t  iron  generally  contaioB  lean  numguiese  aii4 
□  bom  £  to  3  p.o.  of  carbon.  Tile  didorennt 
!p«idB  OD  the  condition  ot  the  carbon  vtaicli 
In  whit)  cait  iron  the  Cttrhon  i>  in  combmalion 
«mpoDn.d  CFct,  bnt  perhapB  in  the  >t»te  of  u 


tndeSnite  ebeminal  compound  reamnbling  a  solution.  In  anf  rose  the  <!ompound  of  the 
iron  and  onrbon  in  whi(«  cant  iron  is  chemically  very  unetsbte,  bewuae  when  slightly 
oooled  it  decompwies,  with  aepamtian  of  graphite,  jnit  ns  »  Bolution  when  elowly  cooled 
yietdi  a  portion  of  the  iubetanro  dJBBolvod.  Hovcrer,  the  separation  of  carbon  in  the 
form  of  graphite  on  the  transition  of  white  cast  iron  into  grey  is  nover  complete ;  put  of 
the  carbon  remaius  in  combination  with  tho  iron  in  tbo  same  Btale  as  it  is  combined  in 
white  east  iron.  Indeed,  when  grefcust  iron  is  treated  with  acids,  the  whole  of  tho  carbon 
iloas  not  remain  in  the  form  of  graphite,  but  a  pbrt  of  it  Ih  separated  as  hydrocarbon*, 
which  proves  the  oiistcnce  of  chemically-combined  carbon  in  grey  cast  Iron.  It  n 
■nfficistit  iiB  re-iuolt  grc;  cast  iron  and  to  cool  it  quickly  to  transform  it  into  white  etM 
iron.  However,  it  is  not  carbon  eJono  that  inBuaticea  the  properties  of  cast  iron;  wheu 
it  contains  a  conniderable  amount  of  sulphor,  cast  iron  remain*  white  even  after  havinx 
been  slowly  oooled.  The  same  is  obaorred  in  cast  iron  very  rioh  in  inaiiganeiie  (6  to  7 
p.c.t.  and  in  this  latter  case  the  tractare  is  vary  di«tiDclly  crystalline  and  brilliant.  When 
caai  iron  contain*  a  larRe  amoant  ol  manganeae,  the  quantity  of  carbon  may  also  be 
incniwBd.  Cryiitalllne  vsrii^tiea  of  east  iron  rich  iu  tnanganeso  am  in  practice  called 
ferro-manganeee,  and  are  preiured  (or  the  Beneeiner  [irocess.  Orey  cast  iron  Dot  hariiiK 
an  nnilomi  structure  is  much  more  liable  to  tarions  changes  than  dense  and  thoroughly 
nniforra  white  cast  iron,  therefore  the  latter  oudiBes  much  more  ilowly  in  lur  than  the 
(ooner-  The  ciat  iron  duatined  tor  the  nianufnobure  ol  the  best  kinds  of  wronght  iron 
and  eteel  onghC  to  contain  very  little  sulphur  and  phoKplioruB  (not  more  than  (KIS  p.c.)- 
The  nllcon.  manganese,  and  port  of  the  snlphnr  oxidixe  during  the  proceiaes,  and  hardljr 
wtw  into  the  st«eL 
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or  iilwt  tlu;  operation  is  effected  bj  means  of  the  addition  of  oxjgea 
f'oiiijxiundri  of  iron  (^oxides,  ores),  as  in  Martui's  process.  The  molten 
iri.'iiM  of  cast  iron  is  stirred  up,  and  subjected  to  the  oxidising  action 
of  the  air.  Cast  iron  melts  much  more  easily  than  wrought  iron 
and  Hii'j'A,  and,  therefore,  as  the  carlx>n  separates  the  mass  becomes 
irjore  and  inorr;  solid  ;  and  the  degree  of  hardness  forms,  to  a  certain 
itxUrut,  a  measure  of  the  amount  of  carbon  separated,  and  the 
o|>eration  may  terminate  either  in  the  formation  of  steel  or  wrought 
iron.'^^     Jn  any  case,  the  iron  used  for  industrial  purposes  contains 

'''  Thin  ilirect  prw.-e-is  of  .separating  the  carbon  from  cast  iron  is  termed  puddling.  It 
in  t:outhuUr*\  in  reverLeratory  furnace  •>  Vol.  I.  p.  513,'.  The  cast  iron  is  placed  on  tlie 
Iwt'l  III  thi;  funiaz-e  au*\  iiielle<l ;  thron^^h  a  special  mHrrtnre  the  puddler  stirs  np  the 
*txii\W:tiUi  iiiHHM  of  cuht  iron,  comprcsKing  the  oxides  into  the  molten  cast  iron.  This 
ri'ht-ui]f\f'.n  kueaflin^  (loar;li,  and  the  process  introduced  in  England  became  knovn  as 
I'iirMKir/.  It  i*i  frvident  thut  the  puddled  mass,  or  bloom,  in  an  heterogeneous  sabstance 
n\,iii]uft[  by  inixiii;:,  and  therefore  one  part  of  the  mass  will  still  be  rich  in  carbon, 
iifiotlir-r  will  be  jMK^r,  .m-me  parts  will  contain  oxides  nut  yet  re<luced,  itc.  T)»e  further 
ti-<-iit.Mii>]it  of  tho  ])nddled  maHs  consists  in  hammering  and  drawing  out  into  flat  pieces, 
wliirli  on  b«.'ing  hammered  U.'come  more  homogeneous,  and  when  several  pieces  are  welded 
to^M  i}jfrr  Hiid  a;^iiin  hammered  out  a  still  more  homogeneous  mans  is  obtained.  The 
<|iiiihty  of  t)i<;  KtiHrl  and  iron  thus  formed  depends  principally  on  their  uniformity.  The 
wiint  of  uniformity  depends  on  the  oxides  remaining  inside  the  mass,  and  on  the 
vjiri.ibK'  distribution  of  the  carbon  throughout  the  mass.  In  order  to  obtain  a  more 
b(iinr»gr'ii<-oiiri  metal  for  manufacturing  aiticles  out  of  steel,  it  ist  drawn  into  thin  rods, 
whirli  an;  ti«.*d  together  in  bundles  and  then  again  hammered  out.  As  an  example  of 
wliiit  may  be  n-achoti  in  this  direction,  imitation  Damascus  steel  may  be  cited  ;  it 
roiiHiilK  (if  twisted  and  jilaited  wire,  which  is  then  hammered  into  a  dense  mass.  ^K^ 
diLiiiHHfciK'd  wootz  hteel  may  be  made  by  melting  a  mixture  of  the  best  iron  with 
gnipliilc  ( ,'  I  and  iron  rust;  the  article  is  then  corroded  with  acid,  and  the  carbon 
renin  inn  in  tlje  form  of  a  pattern.) 

Htei'.l  mid  wniuglit  iron  are  manufactured  from  cast  iron  by  puddling.  They  are,  how- 
e\er,  tmt  only  j»btjiined  by  this  method  but  also  by  the  bloomcry  process ^  which  consists 
in  a  ftn;  K.iniiliir  to  a  lilacksmith's  forge,  fed  with  charcoal  and  provided  with  a  blast;  a 
ciiHt-iron  pig  is  little  by  little  ])UHlied  into  the  fire,  and  portions  of  it  melt  and  fall  to  the 
bottom  of  tin;  hearth.  «;oniing  into  contact  with  an  air  blast,  and  are  thus  oxidised.  The 
bl(M>m  tlnirt  foniie  1  is  then  subjected  to  further  treatment.  It  is  evident  that  this 
prf>ceHM  is  only  avHilable  when  the  charcoal  used  in  the  fire  does  not  contain  any  foreign 
nnitter  which  might  injure  the  quality  of  the  iron  or  steel — for  instance,  sulphur  or 
phoHphorus — and  tlierefon;  only  wood  charcoal  may  be  used  with  impunity,  from  which 
it  follows  that  this  process  can  only  be  carried  on  where  the  manufacture  of  iron  can  be 
conductcul  with  this  fuel.  Coal  and  coke  contain  the  above-mentioned  impurities,  and 
would  therefore  i)roduce  iron  of  a  brittle  nature,  and  thus  it  would  be  necessiiry  to  have 
recourse  to  puddling,  where  the  fuel  is  burnt  on  a  siK.-cial  hcartli,  separate  from  the 
cast  iron,  whereby  tlie  impurities  of  the  fuel  do  not  come  into  contact  with  it.  The 
manufacture  of  steel  from  cast-iron  may  also  be  conducted  in  fires  ;  but,  in  addition  to 
this,  it  is  also  now  prepared  by  many  other  methods.  One  of  the  long-known  processes 
!■  called  vcmentatio)!,  by  which  hteel  is  prejiared  from  wrought  iron  but  not  from  cast 
iron.  For  this  process  strips  of  iron  are  heated  red-hot  for  a  considertible  time  whilst 
immened  in  powiilered  charcoal;  during  this  oi)eration  the  iron  at  the  surface  combines 
with  the  charcoal,  but  the  interior  contains  but  little  of  it ;  after  this  the  iron  strips  are 

foigdd,  drawn  out  again,  and  cemented  anew,  repeating  the  process  until  a  steel  of  the 
qaaUty  is  formed — that  is,  containing  the  requisite  proportion  of  carbon.    Th» 
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impurities.    Cltemicalli/ p^ire  iron  may  be  obtained  by  precipitating iroa 
from  a  solution  (a  mixture  of  ferrous  Gulphat«  with  magnesium  sulphate 

I  methods  (sinCB  IHse);  it 
inBiBtB  in  runiiinK  melted 
q«Hl  iro»)-th»l  ■«.  Bgg- 
(in  atder  to  cbncgu  ill  tlie 


li  rcquljeJ  citlwr  to  rccdvr 


m  hem  tbi;  melting 


cut  iron  nod  diaoLsTge  tbe  steel),  and  totcing  a,  Btream  of  aii  tliroagh  amkll  aperture* 
at  >  (wnHiderable  pnatuTe.  CombuBtion  of  tlie  iron  uid  carbon  at  an  elernted  tempem- 
tnre  tben  t^es  place,  resnltiug  from  the  biibbleH  of  oijrgen  thas  penetrating  the  mu> 
of  the  ciMt  iron.  Tbn  cnrUm,  bnwevor,  buiiui  to  a  greatcT  extent  than  the  iron,  and 
therefore  a  maaa  ig  abtaJDiul  which  in  mash  poorer  tluia  caat  iron  in  carboD.  As  the 
eonibuition  proceeds  very  rapidly  iu  the  maae  of  metal,  the  temperature  rises  to  inch  an 
etteot  that  even  the  wrought  icon  wliich  may  be  formed  remains  in  a  molten  conditioD, 
whilst  the  ateet,  being  more  fnsible  than  the  -wrought  iron,  leniiiins  very  liquid.  In 
half  an  hoar  the  masH  is  ready.  The  parent  posnible  cast  iron  ih  used  in  the  Beasemer 
proceas,  befause  anlpbnr  anil  phuBphiiruH  do  not  bum  out  like  caibon,   silicon,  and 


aneane°e  enables  the  sulphur 


The  preaence  of 
presence  of  lime  o 
facilitate  the  remoral  of  the  phosphc 
Gilektitl  proeeii.  introduced  abont  lee( 
phosphoni*,  which  had  hitherto  only  ' 
wrought  icon  and  steel.  Naturally,  the  greatest  i 
the  metal.    Steel  ia  re-melted  in  small  «ind  tui 
■  liquid  metal  is  formed,  oliii^h  may  be  csat  in  moulds.     A  mixtorc  of  wronght  iron  and 
>ImI  ii  often  used  (or  making  cast  ateeL    Large  steel  casting!  are  made  bj  umol. 


remored  with  the  slags,  and  the 
ilo  the  lining  of  the  conTerter, 
Bessemer  proceas  or  TAomo*- 
taining  a  considerable  amount  of 
,t  iron,  to  be  niied  for  making 
r  will  be  obtained  by  re-melting 
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[1  chloride)  by  the  prolonged  action  of  a  feeble  galvit 
current ;  the  iron  may  be  then  obtained  as  a  dense  mass.    This  meUioil, 

tuieuDsly  molliBg  in  nuuiy  fumoFOs  and  crucible* ;  in  thii  way.  iwatings  op  to  60  Ian*  a! 
morn,  Bucb  u  lurge  ordnuicc,  mny  be  muls.  This  tuotten,  uid  IheFelore  homognnioi, 
■tael  is  culleil  caul  atefL  Of  late  jean  Ilie  Marlin't  pr-jcm  for  the  mkaDlMlilM  of 
Hteel  ba»  rotno  largely  into  uee ;  it  tru  invented  in  Pnnce  about  1900,  and  viih  the  DW 
nt  cagenentive  fiimuKB  it  enables  iaiKe  quantitius  of  cast  steel  to  be  made  at  a  timt. 
It  is  baud  on  the  melting  of  cast  iron  with  iron  oxides  and  iraa  itself — lor  iniUun, 
pun  oree,  acrap,  &c.  There  the  carbon  of  the  cast  iron  and  the  oxygen  ol  the  oxide  (cm 
carbonic  oxide,  and  the  carbon  therefore  bums  out,  and  thus  cast  steel  is  obtaimd 
from  cast  iion,  proTiding,  natorally,  that  there  is  a  requisite  proportion  and  oonespniid- 
iag  degree  o(  heat.  The  advantage  of  this  process  ie  that  not  only  do  the  caibnii, 
BilicoD,  and  manganeBe,  but  also  a  great  part  of  the  sulphur  and  phoepbora*  ol  the  cait 
iion  bum  out  at  the  expense  ol  the  oxygen  oF  the  iron  oxides.  During  the  last  decade 
the  manufsoture  of  steel  and  its  application  for  rails,  armoor  plate,  guns,  boilers,  it, 
has  deroloped  to  an  enormooB  extent,  tbaoks  lo  the  invention  of  dieap  procetM*  lor  ibe 
mauulBoture  of  largo  maasea  of  homogsneonii  caat  steel,  but  tbero  i>  eTBTT  reason  In 
afllrni  that  the  metailurg;  of  iron  is  still  capable  et  cunaiderable  further 
Wrougbt  iron  may  also  be  melted,  but  the  heat  of  n  blaut  tamaoe  is  insuB 
It  eaaily  melts  in  the  oxybjdrogen  flame.  It  may  be  obtained  in  a  molten  (tale  dirvill) 
from  cast  iron,  if  the  latter  be  melted  with  nitre  and  sufficiently  stirred  up.  Ccmiids- 
abla  otidation  then  takes  plaoe  inside  the  mass  of  cast  iron,  and  the  temperatare  ritt  la 
such  an  extent  that  the  trrought  iron  formed  remains  liquid,  A  method  is  also  knom 
for  obtaining  wrought  iron  directly  from  rich  iron  ores  by  the  action  of  oaJ-b(ini(<  oiide  1 
the  wrought  iron  is  Uien  formed  as  a  spongy  mass  (which  forms  an  exceDent  Altec  U» 
purifying  water),  and  may  be  worked  ap  into  wrought  iron  or  ateel  either  by  forging  K 
by  diasolving  in  molten  cast  iron. 

Everybody  is  more  or  less  familiar  with  the  difference  in  the  propertin  lif  itccl  s<U 
wrought  iron.  Iron  is  remarkable  tor  its  softness,  pliabiUty,  aud  ■mall  elasticity,  wliiltt 
steel  may  be  ebarooteriaed  by  its  capability  of  attaining  elasticity  and  hardneea  if  it  1« 
cooled  suddenly  after  having  been  heated  to  a  definite  temperature,  or,  as  it  it  terutd, 
Irmpered,  But  if  tempered  ateel  be  re-healed  and  slowly  cooled,  it  beoomes  as  soft  ** 
wrought  iron,  an^  can  then  be  cot  with  the  file  and  forged,  and  in  general  tan  be  Di*d* 
toMBUmeany  shape,  like  wrought  iron.  In  tlUBsoftonndition  itiBcalledaniiaa/«Jrt«L 
The  tnuiBition  from  tempered  to  Biineahjd  steel  takes  place,  tlien,  in  a  siniil&i  way  lo  Um 
transition  from  white  to  grey  cast  iron.  Steel,  when  bomogeneouo,  has  conuderaU* 
lustre,  and  han  such  a  Sne  ^anular  strosture  that  it  takes  a  very  high  polish.  Its  InB- 
tore  clearly  ahoivs  the  granular  natnre  of  its  structure.  The  posBibilily  of  t«iapenD( 
»teel  enables  it  to  be  used  for  making  all  kinds  of  cutting  inatrumenta,  whick  are  lorge^ 
Bled,  and  cut  when  the  steel  is  iu  the  annealed  conilltiDD,  sud  then  tempered,  ground) 
polished,  Itc.  The  method  and  temperature  of  tempering  and  onnenling  stoel  determin* 
its  hardneHS  and  other  qualities.  Steel  is  generally  tempered  to  the  required  degree  <(' 
hsrdiiesB  in  the  following  manner.  It  is  first  Htrongly  heated  (for  instance,  up  to  SOO^ 
and  then  plunged  into  water— that  is,  hardened  by  rapid  cooling  (it  then  beconiBs  m 
brittle  aa  glosB).  It  is  tben  heated  until  the  xurface  oHBumes  a  definite  calonTiBml  Bnal^ 
cither  eaddenly  or  slowly  cooled.  When  steel  is  heated  up  to  aOO°,  ita  surface  acqnictf 
a  yellow  colour  (surgical  ittstmmente);  it  first  of  all  becomes  straw-coloDred  (ruon, 
&c.)i  and  then  gold-coloured ;  then  at  a  temperature  of  iSO"  it  becomes  brown  (scisMr*V 
then  red.  tben  light  hina  at  385'  (opTings),  then  indigo  at  800°  (Bles),  and  Bnally  H 
green  at  about  S40'.  These  colonrs  are  nothing  more  thou  the  tints  of  thin  flUut,  11 
the  hues  of  soap  bubbles,  and  appear  on  the  steel  because  a  thin  layer  of  oxides  is  lonn 
over  its  sQrloce.  Steel  rustn  more  slowly  than  wrought  iron,  and  is  more  soluble  in  aelS%. 
than  mat  iron,  but  less  so  than  wrought  iron.  Its  specific  gravity  is  about  7'fl 
As  regards  the  formation  d(  slcel,itwaa  along  time  before  the  process  of  oei 
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proposeJ  by  Bottclier  and  applied  by  Klein,  gives,  lis  R.  Lenz  ahowed, 
iroi\  containing  occluded  liydrogfjs,  whicb  is  disengaged  on  heating.  This 

mi  tfaoroQghl;  underelood,  t^caoHe  m  this  cue  itifusililb  charco&l  pemieatflB  aDFDfied 
inoaght  Eruu.  CiLran  showed  tbst  tliis  pcnnealion  di-penda  on  the  tact  thnt  the  charootil 
used  in  the  pnweaB  uontainH  lUkaliB,  which,  in  the  proKnceaf  (be  nitrogen  of  the  ur.lonn 
iDelAllic  cjanidtH,  whicli,  being  volntile  uid  tnnible.  penneate  the  iron,  and,  giring  ap 
their  ciirbou  to  the  inia,  serve  wa  the  material  lor  the  (onnation  at  steel.  Thia  eipUoA- 
tiou  is  Qonflrmed  b}  the  fact  Lhat  ohaicoal  witiiDUt  ulkulis  or  without  nitrogen  will  not 
oemeat  iron.  Liuie  with  oharBoal  and  in  the  presence  of  nitrogen  will  not  cement, 
becBUBfl  no  calcium  cyanide  is  then  formed.  Tfa-e  cbarcosJ  used  for  cementation  act* 
biull;  when  ased  over  agnin,  as  it  has  lost  alkali.  The  very  volatile  anununium  cyanide 
euil*  conduces  to  the  formation  of  steel.  Althongb  steel  is  also  formed  by  the  Mtion 
of  cyanogen  compounds,  nevertheless  it  does  nfit  contain  more  nitrogen  than  cast  or 
wrought  iron  (CrDl  p.c),  and  these  latter  contain  1 1  because  their  ores  contain  titaniom, 
which  directly  combines  with  nitiogeD.     Uence  the  port  played  by  nitrogen  in  steel  ia 

Caron's  treatise  concerning  the  inflnancc  of  foreign  matter  on  the  quality  of  steel.  The 
principsl  piopertiea  of  steel  uie  those  of  tempering  and  annealing.  The  compounds  of 
iron  with  silicon  and  boron  have  not  those  properties.  They  are  more  stable  than  tbe 
carfaou  compound,  and  this  latter  is  capable  of  ^ibanging  its  properties;  because  the 
carbon  in  it  either  enters  into  combination  or  else  is  disengaged,  which  dvterminea 
the  condition  of  hardness  or  softneis  of  steel,  aa  in  white  and  grey  cast  iron.  When 
slowly  cooled,  steet  apliCe  up  into  a  mixture  of  salt  and  corhuretted  iron  ;  but,  aeverthe- 
leas,  the  cai-bon  does  not  separate  from  the  iron.  If  such  Bteel  be  again  heated,  it  forms 
a  uniform  compound,  and  hardens  when  rapidly  cooled.  If  the  some  steel  as  beiom  be 
token  and  hestid  a  long  time,  then,  after  being  slowly  cooled,  it  becomes  much  more 
■oluble  in  acid,  and  leaves  a  residue  of  pure  carbon.  This  shows  that  the  combtnatioQ 
between  the  carbon  and  iron  in  steel  becomes  deutroyed  when  subjected  to  heat,  and  the 
steel  becomes  iron.miied  with  carbon.  Such  burnt  steel  cannot  be  tempered,  but  may 
be  oorrected  by  continued  forging  in  a  heated  condition,  which  has  the  eflect  of  dis- 
tribnling  the  carbon  equally  throughout  the  whole  mass.  After  the  forging,  if  the  iron 
be  pure  and  tbe  carbon  has  not  burnt  oat,  steel  ia  again  formed, which  maybe  tempered. 
U  eteel  be  repeatedly  or  strongly  heated,  it  bocoroes  burnt  through  and  caimot  then  bs 
tempered  or  annealed :  tbe  carbon  separates  from  the  iron,  and  this  ia  efleoted  more 
eaaily  if  tbe  steel  contains  more  impurities  which  are  i-upable  of  forming  stable  combi- 
nations with  iron,  such  as  silicon,  snipbuc,  or  phosphorus.  If  there  be  much  uUicoii,  it 
occupies  the  place  of  the  carbon,  and  then  continued  forging  will  not  compel  the  carbon 
onoe  eepamled  to  re-euter  into  combiuntion.  Such  Bl«e1  is  easily  burnt  through  and 
cannot  be  corrected ;  bat,  when  burnt  through,  it  IH  bard,  but  cannot  be  annealed— this 
is  tough  steel,  the  lower  kind.  Iron  which  contiuus  Kulphor  and  phospboros  comenta 
badly,  mmbinea  but  little  with  ccubon,  and  steel  nf  this  kind  is  brittle,  both  hot  and 
cold.  Iron  in  combination  with  the  abore-menlioned  substances  cannot  be  annealed  by 
slow  cooling,  showing  that  these  oompounds  are  more  stable  than  that  of  carbon  nnd 
iron,  and  therefore  they  prevent  the  formation  n1  the  latter.  Such  metals  as  tin  and 
line  combine  with  iron,  but  not  with  carbon,  and  form  a  brittle  mass  which  cannot  be 
annealed  and  is  deleterious  to  steel-  Manganese  and  tungsten,  on  the  contrary,  are 
capable  of  combining  with  cbarcooli  they  do  not  hinder  the  formation  of  stuel,  hot  even 
remove  the  injurious  effects  of  other  sdiniitnrea  (by  transforming  these  ailmiied  sub- 
stances into  new  compoonds  and  slogs),  and  are  therefore  ranked  with  tlie  substauoe* 
which  act  beneflcially  on  steel;  bat,  nevertheless,  the  best  steel  which  is  capable  ol 
renewing  most  often  its  primitive  igaalities  after  homing  or  hoi  forging  is  that  which  is 
the  purest. 

The  properties  of  ordinary  a-roughl  iron  ore  well  known.     The  best  iron  is  the  most 
tenacioas— that  ia  t«  uj,  that  which  does  not  break  up  when  strack  with  the  hatnintg 
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galvanic  deposition  of  iron  is  used  for  making  galvanoplastic  diehis^ 
which  are  distinguished  for  their  great  hardness.  Electro-deposited 
iron  is  brittle,  but  if  heated  (after  the  separation  of  the  hydrogen)  it 
becomes  soft.  If  pure  ferric  hydroxide,  which  is  easily  prepared  by 
the  precipitation  of  solutions  of  ferric  salts  by  means  of  ammonia, 
be  taken,  and  heated  in  a  stream  of  hydrogen,  it  forms,  first  of  all,  a 
dull  black  powder  which  ignites  of  its  own  accord  in  air  (pyrophoric 
iron),  and  then  a  grey  powder  of  pure  iron.  The  powdery  substance 
til's t   obtained   is  an   iron   suboxide ;  when  thrown  into  the  air  it 

or  bent,  and  yet  at  the  same  time  is  sufficiently  hard.  There  is,  however,  a  distinction 
between  hard  and  soft  iron.  Generally  the  softest  iron  is  the  most  tenacious,  and  can 
be!>t  be  welded,  drawn  into  wire,  sheets,  &c.  Hard,  especially  tough,  iron  is  often 
eliaracterised  by  its  breaking  when  bent,  and  is  therefore  very  difficult  to  work,  and 
objects  made  from  it  are  less  serviceable  in  many  respects.  Hard,  tough  iron  is  most 
suitable  for  a  few  objects — such,  for  instance,  as  rails,  tyres,  &c.  Soft  iron  is  most 
adapted  to  making  wire  and  sheet  irrin  and  such  small  objects  as  nails.  Soft  ircm  is 
eharacterised  by  its  attaining  a  fibrous  fracture  after  forging,  whilst  tough  iron  preserves 
its  granular  structure  after  this  operation.  Certain  sorts  of  iron,  although  fairly  soft  at 
the  ordinary  temperature,  become  brittle  when  heated  and  are  difficult  to  weld.  These 
sorts  are  less  suitable  for  being  worked  up  into  small  objects.  The  variety  of  the  pro- 
perties of  iron  depends  on  the  imx)urities  which  it  contains.  In  general,  the  iron  used 
in  the  arts  still  contains  carbon  and  always  a  certain  quantity  of  silicon,  manganese, 
sulphur,  phosphorus,  fic.  A  variety  in  the  proportion  of  these  component  parts  changes 
the  quality  of  the  iron.  In  addition  to  this  the  change  which  soft  wrought  iron,  having 
a  fibrous  structure,  undergoes  when  subjected  to  repeated  blows  and  vibrations  is  oon> 
siderable ;  it  then  becomes  granular  and  brittle.  This  to  a  certain  degree  explains  the 
want  of  Htability  of  some  iron  objects — such  as  truck  axles,  which  must  be  renewed  after 
a  certain  tenn  of  service,  otherwise  they  become  brittle.  It  is  evident  that  there  are 
iununuTable  intermediate  transitions  from  wrought  iron  to  steel  and  cast  iron. 

It  is  worthy  of  attention  to  point  out  that  steel,  besides  temper,  possesses  many 
various  pro[)erties,  a  review  of  which  may  be  made  in  the  classification  of  the  sorts  of 
steel  (1H78,  Cockerell).  (1)  Very  mild  steel  contains  from  0*05  to  0*20  p.c.  of  carbon, 
breaks  with  a  weight  of  40  to  60  kilos,  per  square  millimetre,  and  has  an  extension  of 
20  to  30  p.c. ;  it  may  be  welded,  like  wrought  iron,  cannot  be  tempered,  is  used  in  sh^ts 
for  boilers,  armour  plate  and  bridges,  nails,  rivets,  &c.,  as  a  substitute  for  wrought  iron; 
(2)  mild  steely  from  0*20  to  0*85  p.c.  of  carbon,  resistance  to  tension  50  to  60  kilos., 
extension  15  to  20  p.c,  not  easily  welded,  and  tempers  badly,  used  for  axles,  rails,  and 
railway  tyres,  for  cannons  and  guns,  and  for  parts  of  machines  destined  to  resist  bending 
and  torsion ;  (3)  hard  steely  carbon  0*35  to  0*50  p.c,  breaking  weight  60  to  70  kilos,  per 
square  millimetre,  extension  10  to  15  p.c,  cannot  be  welded,  takes  a  temper;  used  for 
rails,  all  kinds  of  springs,  swords,  parts  of  machinery  in  motion  subjected  to  friction, 
spindles  of  looms,  hammers,  spades,  hoes,  ice. ;  (4)  very  hard  steely  carbon  0*5  to  0*65 
p.c,  tensile  breaking  weight  70  to  80  kilos.,  extension  5  to  10  p.c,  does  not  weld,  but 
tempers  easily ;  used  for  small  springs,  saws,  files,  knives,  and  similar  instruments. 

The  quantity  of  steel  manufactured  yearly  in  Europe  is  about  one  million  tons,  and 
in  North  America  about  half  this  quantity ;  in  England  alone  the  annual  output  of  cast 
iron  is  above  8  million  tons,  and  that  of  tlie  whole  of  Europe  and  America  about  15 
million  tons.  Russia  contributes  but  a  small  part  proportionally — namely,  about  one> 
fortieth  of  the  whole  production — although  the  Ural,  the  Don  district,  and  other  parts 
of  Russia  represent  the  combination  of  all  advantageous  conditions  for  the  future  sue- 
cessf ul  development  of  a  vast  iron  industry.  More  than  three-quarters  of  the  cast  iron 
produced  is  consumed  in  the  manufacture  of  wrought  iron  and  steeL 
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ignites,  forming  the  oxide  FcjO,,  If  the  heating  in  hydrogen  be 
continued,  more  water  and  pure  iron,  which  does  not  ignite  spon- 
taneously, will  be  obtained.  If  a  small  quantity  of  iron  be  fused  in 
tlie  oxyhydrogen  flame  (with  an  excess  of  oxygen)  in  a  piece  of  lime 
and  mixed  with  powdered  glass,  pure  molten  iron  \sill  bo  formed, 
because  in  the  oxyhydrogen  flame  iron  melts  and  bums,  but  the  aub- 
Btaneea  mixed  with  the  iron  oxidise  before  it.  The  oxidised  im- 
puritiex  here  either  disappear  (carbonic  anhydride)  in  a  gaseous  form, 
or  (silica,  manganese  o\ide,  and  others)  turn  into  slag — that  is, 
fuse  with  the  glass.  Pure  iron  has  a  ailvery  white  colour  and  a 
specific  gravity  of  7-84  ;  it  melts  at  a  temperature  higher  than  the 
melting-points  of  silver,  gold,  and  steel.  But  pure  iron  becomes  soft 
at  a  temperature  considerably  below  that  at  which  it  melts,  and  may 
then  be  easily  forged,  welded,  and  rolled  or  drawn  into  sheets  and 
wire."  Pure  iron  may  be  rolled  into  an  exceedingly  thin  sheet,  weigli- 
ing  le^s  than  a  sheet  of  ordinary  paper  of  the  same  size.  This  ductility 
is  the  most  important  property  of  iron  in  all  its  forms,  and  is  most 
marked  with  sheet  iron,  and  least  so  with  cast  iron,  whose  ductility, 
compared  with  wrought  iron,  is  small,  but  is  still  very  considerable 
when  compared  with  other  substances— such,  for  instance,  as  rocks," 

"  Oore(IBeg).  T&lt,  Barret.  TehemofI,OHmr)nd,uidatlier9obBerteaLhatittnteiii[ierri- 
tore  ftpprnuhine  0(M>° — that  in,  between  diirk  ani]  bright  red  bent— &11  kiDdat>[i<rouglitiroo 
nnderRD  a  pei^iiUu'  chnnm  called  TeenhieencF,  or  a  Bpont&neoDa  rise  of  tempcrutnm. 
If  iron  in  cnnBidcmbly  liented  uid  dllowed  to  cool,  it  mny  be  olwerved  that  at  Ibis  tem- 
pemtnre  tbe  cooling  itope— that  is,  the  Intent  heat  ia  diwngagcd,  cDireapondiiie  with  > 
change  in  enndition.  The  apecific  heat,  eloclrtoal  ronductivit;,  mafinetic,  4Dd  other  pro- 
rertiea  then  alwi  chanjie.  In  temperinii,  the  temperature  of  recalearence  must  not  be 
mwfaed.  an<I  ao  also  in  anneotiuK,  fto.  It  in  erideut  that  a  ohange  of  the  internal  condi- 
tion i»hereimoonntered.Biaetlj»irail»rto  the  tranaition  from  a  solid  loaliqoid,  although 
there  in  no  eridi'iil  physical  cbanxe.  tt  i*  probable  that  altentiTS  atady  would  lead  to 
the  diacoTery  of  a  aimilar  cbange  in  other  aabatan'-eB. 

It  aiay  be  remarked  here  that  iron  bogina  to  g-ire  ont  ligbi  (in  the  dork)  ata  tompera- 
tore  of  *0(i',  and  the  melting-point  of  iron  moat  be  conaidered  to  be  far  lower  than  Ibat 
of  platinom  (1775°).  namelj  about  1400"  Hi  inOO°.  According  to  information  anpplied 
by  A.  T.  Skinder-a  eiperiments  at  the  Obonkoff  Sleel  Worka,  HO  Tolumea  of  liquid 
molten  tteel  give  IM  rolnmeB  of  aolid  metal.  By  moana  o(  a  galvanic  current  of  proit 
intenaily  and  dense  charcoal  ae  one  electrode,  and  iron  as  Ihn  other,  Bernadoaa  welded 
iron  and  (used  holes  throuKh  aheet  iron.  Soft  wronEht  iron,  like  ateel  and  soft  malleable 
east  iron,  may  be  melted  in  Siemens'  regenerative  Inmacee,  and  in  tumaoea  heated 
witb  naphtha. 

"  The  particleaol  ateel  arelinVed  together  or  connected  more  cJoaely  [ban  thoaeof  the 
other  metala;  thia  is  ahown  by  the  fact  that  It  only  breaka  with  a  ecniiile  atrain  of  80 
kiloe.per  Bq.  mm.,  whilst  wrought  iron  only  wilhsUjids  about  M  kila».,casl  iron  10,  copper 
SG,  ailrer  S3,  platinnm  SO,  wood  10,  glaM  1.  The  elaaticity  ot  iron,  steel,  and  other  nielala, 
bIbo.  IB  Bxpreased  by  the  eo-called  eotjPrimt  of  rlailicity.  Let  a  rod  be  taken  whose 
•ection  =naq.  mm,  and  length  L;  if  a  weight,  P,  be  bong  from  the  extremity  of  it,  it 
will  leugUien  to  I.  The  leas  it  lengthens  nnder  other  eqaal  conditions,  Ibe  mora  etaatio 
tbe  matenal,  if  it  reBoniea  ita  original  length  when  the  weight  ia  ramored.    It  hai  been 
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TJie  chemical  properties  of  iron  have  been  already  rendered  clear  b^ 
the  preceding  statements.  Iron  rusts  in  air  at  the  ordinary  tempem- 
ture — that  is  to  say,  it  becomes  covered  with  a  layer  of  iron  oxide& 
Here,  without  doubt,  the  moisture  of  the  air  plays  a  part,  because  in 
dry  air  iron  does  not  oxidise  at  all,  and  also  because,  more  particularly, 
ammonia  is  always  found  in  iron  rust ;  the  ammonia  must  arise  from  the 
action  of  the  hydrogen  of  the  water,  at  the  moment  of  its  separatiop,  on 
the  nitrogen  of  the  air.  Highly-polished  steel  does  not  rust  nearly  so 
readily,  but  in  moist  air,  and  especially  if  moistened  with  water,  it  easily 
becomes  coated  with  rust.  As  rust  depends  on  the  access  of  moisture, 
iron  may  be  preserved  from  rust  by  coating  it  with  substances  whidh 
prevent  the  moisture  having  access  to  it.  Thus  arises  the  'practice  of 
covering  iron  objects  with  paraffin,*^  varnish,  oil,  paints,  or  enamelling  it 
with  a  glassy-looking  flux  possessing  the  same  coefficient  of  expansion  as 
iron,  or  with  a  dense  scoria  (formed  by  the  heat  of  superheated  steam), 
or  with  a  compact  coating  of  various  metals.  Wrought  iron,  both  ai 
sheet  iron  and  other  objects,  cast  iron,  and  steel  are  often  coated  with 
tin,  copper,  lead,  nickel,  and  similar  metals,  which  prevent  contact  with 
the  air.  These  metals  preserve  iron  very  efibctually  from  rust  if  they 
form  a  completely  compact  surface,  but  in  those  places  where  the  iron 
becomes  exposed,  either  accidentally  or  from  wear,  rust  appears  much 
more  quickly  than  on  a  uniform  iron  surface,  because,  as  regards  these 
metiils  (and  also  as  regards  the  rust),  the  iron  will  then  behave  as  an 
electro-positive  pole  in  a  galvanic  couple,  and  hence  will  attract 
oxygen.  A  coating  of  zinc  does  not  produce  this  inconvenience,  because 
iron  is  electro- negative  with  reference  to  zinc,  in  consequence  of  which 
galvanised  iron  does  not  easily  rust,  and  even  an  iron  boiler  containing 

H}u)wn  by  ex]K*riment  that  the  increase  in  length  7,  due  to  elasticity,  is  directly  propor- 
tional to  the  length  L  and  the  weight  P,  and  inversely  proportional  to  the  section  n,  but 
changes  with  the  material,  and  therefore  /Kn  =  PL,  where  K  is  the  coefficient  of  elasticity 

PL 
of  the  material.   E\'identlyK=       .      Therefore,  if  n  =  land  Z  =  L(that  is,  the  length  is 

doubled),  then  K  =  P,  and,  therefore,  the  coefficient  of  elasticity  expresses  that  weight  (in 
kilos,  per  sq.  mm.)  under  which  a  rod  having  a  square  section  taken  as  1  (we  take  1  sq. 
ntm.)  acquires  double  the  length  by  tension.  Naturally  in  practice  materials  do  not 
witlmtand  such  a  lengthening,  under  a  certain  weight  or  at  the  limit  of  elasticity  they 
stretch  permanently  (undergo  deformation),  and  therefore  the  limit  of  elasticity  serves 
as  a  rharacteristic  of  the  metal  in  addition  to  the  coefficient  of  elasticity  k  and  the  tensile 
breaking  weight.  The  following  data  concerning  the  elasticity  of  various  metals  are 
according  to  Bertheim  and  others,  fractions  being  neglected,  as  the  elast-city  of  metals 
varies  not  only  with  the  temperature  but  also  with  forging,  purity,  &c.  The  magnitude 
of  k  f«)r  steel  and  iron  is  19000,  copi>er  and  brass  9000  to  11000,  silver  7000,  glass  fiOOO, 
lead  and  wood  1700. 

*•'  Piiraffin  is  one  of  the  best  preservatives  for  iron  against  oxidation  in  the  air.  I 
found  this  by  experiments  about  1800,  and  immediately  published  the  fact.  This  method 
is  now  very  generally  applied. 
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some  lumps  of  zinc  rusts  less  tlian  one  witljout  zinc.'*  Iron  oxidises 
ot  a  liigh  temperature  (Chapter  III.),  forming  iron  scale,  Fej04,  com- 
poseU  of  ferrous  and  ferric  oxides,  and,  a-s  has  been  seen,  decomposes 
water  and  acids,  with  the  evolution  of  hydrogen.  It  is  also  capable  of 
decomposing  salts  and  o.xides  of  other  metals,  which  property  is  applie«l 
in  the  arts  for  the  extraction  of  copper,  silver,  lead,  tin,  itc.  For  this 
reason,  iron  is  soluble  in  the  solutions  of  manj  salts— for  instance,  in 
cupric  aulphate,  with  precipitation  of  copper  and  formation  of  ferrous 
sulphate.'*''  When  iron  aels  on  acirls  it  aXviays/orm^/KTrouM  eompoujuh 
—  that  is,  those  corresponding  with  the  magnesium  compounds — and 
hence  two  atoms  of  hydrogen  are  replaced  by  one  atom  of  iron. 
Strongly  oxidising  acids  like  nitric  acid  may  transform  the  ferrous  salt 
which  is  forming  into  the  higher  degree  of  oxidation  or  ferric  salt  (cor- 
responding with  the  sesquioxide,  Fe^Oa),  but  this  is  a  secondary 
phenomenon.  Iron,  although  easily  soluble  in  dilute  nitric  acid,  loses 
this  property  when  plunged  into  strong  fuming  nitric  acid  ;  after  this 
operation  it  even  loses  the  property  of  solubility  in  other  acids  until 
the  external  coating  formed  by  the  action  of  the  strong  nitric  acid  is 
mechanically  i-enioved.  This  condition  of  iron  is  termed  the  passive 
state.  77<tf  pa»aive  condition  of  iron  depends  on  the  formation,  on  its 
surface,  of  a  coating  of  oxide  due  to  the  iron  being  acted  on  by  the 
lower  OKides  of  nitrogen  contained  in  the  fuming  nitric  acid.  '^  Strong 
nitric  acid,  which  does  not  contain  these  lower  oxides,  does  not  render 
iron  passive,  but  it  is  only  necessary  to  add  some  alcohol  or  other 
reducing  agent  which  forms  these  lower  oxides  in  the  uitiic  acid,  and 
the  iron  will  assume  the  passive  state.  Passive  iron  has  a  practical 
application  in  galvanic  couples. 

Iron  readily  combines  with  non-metals— for  instance,  with  chlorine, 


1*  Bued  on  the  rupid  oxUation  a!  iron  t-nd  its-  inneue  in  FDlaioB  in  the  prewncv  of 
vsler  luid  wlte  Dtauimonium,*  psckiiig  is  naedlormlar  nnuns  Midsteun  pipes  which  ia 
tightly  hsmmered  into  thp  Bocket  joints.  This  [lacking con aiatB  ole,  miitoie  ol  iron  fllinga 
niid  ft  stunU  quantityof  ul-unmoniacfand  sulphur) moisUned  with  outer;  uttei B oertuia 
IkpH  ottlnie,  espedklly  fttter  the  pipes  hare  been  used.tbia  muSH  awelU  to  snch  ui  extent 
thiit  it  htinnetic&llj  aeala  tlie  joints  of  the  pipes. 

■*  Here,  however,  ft  ferric  salt  may  atao  be  formed  (when  all  the  iron  hag  diiwolrrd 
ftnd  tlw  cnpHo  Halt  is  still  ineicestij,becaase  the  c^upric  aalts  are  reduetid  hy  ferroas  salts. 
CiMrt  iron  i«  -1»o  dissoWed. 

1*  Powdi^ry  reduced  iron  is  passive  with  regard  tn  nitric  acid  ot  a  speeifie  Kraritj  of 
1-3T,  bat  when  heatdd  the  acid  acts  on  it.  This  passiieneHa  disappears  in  the  mMg- 
uetio  field,  fialnt  Edme  atlribates  the  paMiveDese  of  iron  (and  nirkol}  to  the  formation 
nl  nitride  ot  iron  on  the  surface  ot  tlie  metal,  becanse  he  observed  that  when  heated  in 
dry  hfdrogcn  ammonia  i>  evolved  by  pashiTe  iron. 

Bemaen  observed  that  if  a  sti^p  otiron  be  immersed  in  acid  and  placed  in  the  mag- 
netie  field,  it  is  ptineipally  dissolved  at  its  tore  piarl— that  is,  the  acid  aols  more  feebl;  at 

thapolei^ 
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iodine,  bromine,  sulphur,  and  even  with  phosphorus  and  caHbon  ;  bai^ 
on  the  other  hand,  the  property  of  combining  with  metals  is  but  little 
developed  in  it — that  is  to  say,  it  does  not  easily  form  alloys.  Mercuiy, 
which  acts  on  most  metals,  does  not  act  directly  on  iron,  and  the  iron 
amalgam^  or  solution  of  iron  in  mercury,  which  is  used  for  electricil 
machines,  is  only  obtained  in  a  particular  way — namely,  with  the 
co-operation  of  a  sodium  amalgam,  in  which  the  iron  dissolves  and  by 
means  of  which  it  is  reduced  from  solutions  of  its  salts. 

When  iron  acts  on  acids  it  forms  ferrous  salts  of  the  type  FeX,, 
and  in  the  presence  of  air  and  oxidising  agents  they  change  by  degrees 
into  ferric  salts  of  the  type  FeXj.  This  faculty  of  passing  from  the 
ferrous  to  the  ferric  state  is  still  further  developed  in  ferrous  hydrox- 
ide. If  sodium  hydroxide  be  added  to  a  solution  of  ferrous  sulphate^ 
or  green  vitriol,  FeS04,^^  a  white  precipitate  of  ferrous  hydroxide, 
FeH202,  is  obtained  ;  but  on  exposure  to  the  air,  even  under  water,  it 
turns  green,  becomes  grey,  and  finally  turns  brown,  which  is  due  to  the 
oxidation  that  it  undergoes.  Ferrous  hydroxide  is  very  sparingly 
soluble  in  water ;  the  solution  has,  however,  a  clearly  alkaline  reaction, 

*7  Iron  vitriol  or  green  vitriol,  sulphate  of  iron  or  ferrous  eulphate,  crystallisM 
from  RolutioiiB,  like  magnesium  sulphate,  with  Keren  molecules  of  water,  FeSO^iTH^O. 
Tliis  salt  is  not  only  fonned  by  the  action  of  iron  on  sulphuric  acid,  but  also  by 
the  action  of  moisture  and  air  on  iron  pyrites,  especially  when  preyioualy  roasted 
(FeS.2  +  02  =  FeS  +  802),  and  in  this  condition  it  easily  absorbs  the  oxygen  of  damp  air 
(FeS  +  04  =  FeS0.|).  A  vast  amount  of  green  vitriol  is  obtained  in  many  processea,  Tery 
often  as  a  bye  product.  Ferrous  sulphate,  like  all  the  ferrous  salts,  has  a  pale  greenish 
colour  hardly  perceptible  in  solution.  If  it  be  desiretl  to  preserve  it  without  change- 
that  is,  BO  as  not  to  contain  ferric  compounds — it  is  necessary  to  keep  it  hermetically 
sealed.  This  is  best  done  by  forcing  out  the  air  by  means  of  sulphurous  anhydride  or 
ether  ;  sulphurous  anhydride,  SO^,  removes  oxygen  from  ferric  compounds,  which  might  be 
formed,  and  is  itself  changed  into  sulphuric  acid,  and  therefore  the  oxidation  of  the 
ferrous  compound  does  not  take  place  in  its  presence.  Unless  these  precautions  are 
taken,  green  vitriol  turns  brown,  partly  changing  into  the  ferric  salt — that  is,  having 
absorbed  oxygen.  When  turned  brown,  it  is  not  completely  soluble  in  water,  because 
during  its  oxidation  a  certain  amount  of  free  insoluble  ferric  oxide  is  formed  :  6FeS04+ 
03=2Fe2(S04)5  +  Fe203.  In  order  to  cleanse  such  mixed  green  vitriol  from  the  oxide,  it 
is  necessary  to  add  some  sulphuric  acid  and  iron  and  boil  the  mixture ;  the  ferric  salt  is 
then  transformed  into  the  ferrous  state:  Fe.2(S04)s  +  Fe  =  8FeS04.  The  solubility  of 
ferrous  sulphate  in  water  is  given  in  Vol.  I.  p.  71,  Note  24. 

Qreen  vitriol  is  used  for  the  manufacture  of  Nordhausen  sulphuric  acid,  for  preparing 
ferric  oxide,  in  many  dye  works  (for  preparing  the  indigo  vats  and  reducing  blue  indigo 
to  white),  and  in  many  other  processes ;  it  is  also  a  very  good  disinfectant,  and  is  ths 
rhoai^est  salt  from  which  other  compounds  of  iron  may  be  obtained. 

The  other  ferrous  salts  (excepting  tlie  yellow  prussiate,  wln'ch  will  be  mentioned  here- 
after) are  but  little  used,  and  it  is  therefore  unnecessary  to  dwell  upon  them.  We  will 
only  mention  ferrous  chloride,  which,  in  the  crystalline  state,  has  the  composition 
VVrl;,4H20.  It  is  easily  prepared;  for  instance,  by  the  action  of  hydrochloric  acid  on 
<i\M».  and  in  the  anhydrous  state  by  the  action  of  hydrochloric  acid  gas  on  metallic  iron 
«|  a  r«Ml  heat.  The  anhydrous  ferrous  chloride  then  volatilises  in  the  form  of  colourless^ 
^mImo  crystals. 
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which  is  clue  to  its  being  a  fairly  energetic  btisic  oxide.  In  any  case, 
ferrous  oxide  is  far  more  energetic  than  ferric  oxide,  so  that  if  ammonia 
be  added  to  a  solution  containing  a  mixture  of  a  ferrous  and  ferric 
salt,  at  first  ferric  hydroxide  only  will  be  precipitated.  If  barium 
carbonate,  BaCO^,  be  shaken  up  in  the  cold  with  ferrous  salts,  it  dues 
not  precipitate  them — that  is,  does  not  change  them  into  ferrous  carbo- 
nate ;  but  it  completely  separates  all  the  iron  from  the  ferric  salts 
in  the  cold,  according  to  the  equation  FejClg  4-  SBaCO.,  +  3H,0  = 
Fe^Oj.SHoO  +  3BftCli  +  SCOj.  If  ferrous  hydroxide  be  boiled  with  a 
solution  of  potash,  the  water  is  decomposed,  hydrogen  is  evolved,  and 
the  ferrous  hydroxide  is  oxidised.  The  ferrous  salts  are  in  all  respects 
similar  to  the  salts  of  magnesium  and  zinc  ;  they  are  isomorphoua 
■with  them,  but  differ  from  them  in  that  the  teri'ous  hydroxide  is  not 
soluble  either  in  aqueous  potash  or  ammonia.  In  the  presents  of  an 
excess  of  ammonium  salts,  however,  a  certain  proportion  of  the  iron 
is  not  precipitated  by  alkalis  and  &lkali  carbonates,  which  fact 
points  to  the  formation  of  double  ammonium  salts.'"  The  ferrous 
salts  have  a  dull  greeniah  colour,  and  form  solutions  also  of  a  pale  green 
colour,  whilst  the  ferric  salts  have  a  brown  or  reddish-bro*ti  colour. 
The  ferrous  salts,  being  capable  of  oxidatiou,  form  very  active  redu- 
cing agents — for  instance,  under  their  action  gold  chloride,  AuCij, 
deposits  metallic  gold,  nitric  acid  is  transformed  into  lower  oxides,  and 
the  highest  oxides  of  uianganese  also  pass  into  the  lower  forms  of 
oxidation.  All  these  reactions  take  place  with  especial  ease  iti  the 
presence  of  an  excess  of  acid.  This  depends  on  the  fact  that  the 
ferrous  oKide,  FeO  (or  salt),  acting  as  a  reducing  agent,  turns  into 
ferric  oxide,  Fe,Oj  (or  salt),  and  in  the  ferric  state  it  requires  more 
acid  for  the  formation  of  a  normal  salt  than  in  the  ferrous  condition. 
Thus  in  the  normal  ferrous  sulphate,  FeSO,,  there  is  one  equivalent  of 
iron  to  one  e([uivalent  of  sulphur  (in  the  sulphuric  radicle),  but  in  the 
ferric  salt,  Fe.,(S04)3,  there  is  one  equivalent  of  iron  to  one  and  a  half 
of  Eolpbur  in  the  form  of  the  elements  of  sulphuric  acid.'" 

*  FerroiH  «ulp)uite,like  nugneuoui  solpluitt],  aaaily  Eorm a  double  lulU— for  indnnca, 
(NBt)tBO„FeS0„aH]O.     IIub  ult  doeH  not  oxidise  in  ur  aa  readily  »  ereon  ritrial. 

"  The  (nuiBfontuition  of  fsiroo*  oiide  into  feiriu  oxide  ia  not  compielely  eBerted  ia 
•ir,  ••  Uiioi  onl}'  a  put  of  the  ttuboiide  a  tDmcd  into  ferriu  oiida.  Her»  mo«t  olton  tba 
,  M-called  mi^netic  oiide  of  iron  is  pTodaced,  conta,ininK  atomic  qouititieaqf  the  suboiide 
doiide— uamely.  FeO,Fs,0.i'>FesO,.  This  labnUnca,  bb  hu  been  iklniuly  Boen,  ia 
lod  in  iMtare  and  ia  iroo  icale.  It  ie  aJao  formed  when  most  ferroaa  and  (crriu  eatta 
'  pn  biwlad  in  air;  Ihiu.  for  instance,  when  fecTODs  carbonate  ii  heated  it  losos  lbs 
•lenuDts  nF  carbonic  aohydiide,  and  niagiinttc  oxide  remains.  This  oiido  of  iron  la 
■ttraeted  by  the  uiaf(net,  and  is  hence  called  magnetic  oiide,  althongh  it  doc*  not  alvraVB 
■hov  magnetic  properties.     If  magnetic  orida  be  dissolved  in  any  acid— for 
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The  roost  simple  oxidismg  agent  for  transformmg  ferrous  into  ferric 
salts  is  chlorine  in  the  presence  of  water — for  instance,  2FeC[i+Ci^ 
=Fe2Cl6,  or,  generally  speaking,  2FeO  +  CI,  +  H,0=Fe,0,  +  2HCL 
When  such  a  transformation  is  required  it  is  best  to  add  potassioiD 
chlorate  and  hydrochloric  acid  to  the  ferrous  solution ;  chlorine  is 
formed  by  their  mutual  reaction,  which  in  this  case  acts  as  an  oxidising 
agent.  Nitric  acid,  although  more  slowly,  produces  a  similar  efiect 
Ferrous  salts  may  be  completely  and  rapidly  oxidised  into  ferric  salts 
by  means  of  some  of  the  higher  metallic  oxides— for  instance,  chromic 
or  permanganic  acid,  HMnO^,  in  the  presence  of  acids — ^for  example, 
lOFeSO^  +  2KMn04  +  SH^SO^  =  5Fe,(S04)3  +  2MnS04  +  K^04  + 
8H2O.  This  reaction  is  easily  observed  by  the  change  of  colour,  and 
its  termination  is  easily  seen,  because  potassium  permanganate  forms 
solutions  of  a  bright  red  colour,  and  when  added  to  a  solution  of  ferrous 
salts  the  above  reaction  immediately  takes  place  in  the  presetice  ofand^ 
and  the  siolution  then  fades,  because  all  the  substances  formed  colour 
the  solutions  but  very  feebly.  Directly  all  the  ferrous  compound  has 
passed  into  the  ferric  state,  any  excess  of  permanganate  which  is  added 
communicates  a  red  colour  to  the  liquid. 

Thus  when  ferrous  salts  are  acted  on  by  oxidising  agents,  they  pass 
into  the  ferric  form,  and  under  the  action  of  reducing  agents  the  re- 
verse reaction  occurs.  Sulphuretted  hydrogen  may,  for  instance,  be 
used  for  this  complete  transformation,  for  under  its  influence  ferric  salts 
are  reduced  with  separation  of  sulphur — for  example,  FejCle  +  HjS 
=r2FeCl2  4-2HCl4-S.  Sodium  thiosulphate  acts  in  a  similar  way: 
Fe,Clo  +  Na,S203  +  H,0=2FeCl2-f  Na2S04  +  2HCl  +  S.  Metallic  iron 
and  metallic  zinc,^^  in  the  presence  of  acids,  or  sodium  amalgam,  ^., 

ferric  oxido  remains,  which  is  also  capable  of  passing  into  solution.  The  best  way  of 
})rcparing  the  hydrate  of  the  magnetic  oxide  is  by  decomposing  a  mixture  of  ferroas  and 
ferric  salts  with  ammomia ;  it  is,  however,  indi8i)ensable  to  poor  this  mixture  into  the 
ammonia,  and  not  xnce  versd^  as  then  the  ferrous  oxide  would  at  first  be  alone  precip* 
tated,  and  then  the  ferric  oxide.  The  compound  thus  formed  has  a  bright  green  colour, 
and  when  dried  forms  a  black  powder.  Other  combinations  of  ferrous  with  ferric  oxide 
are  known,  as  are  also  compounds  of  ferric  oxide  with  other  bases.  Thus,  for  instance, 
there  are  known  compounds  of  4  molecules  of  ferrous  oxide  and  1  of  ferric  oxide,  and 
also  6  of  ferrous  and  1  of  ferric  oxide.  These  are  also  magnetic,  and  are  formed  by  heat- 
ing iron  in  air.  The  magnesium  compound  MgO,Fe.^05  is  prepared  by  passing  gaseous 
hydrochloric  acid  over  a  heated  mixture  of  magnesia  and  ferric  oxide.  Crystalline  mag> 
nesium  oxide  is  then  formed,  and  black,  shiny,  octahedral  crystals  of  the  above-mentioned 
composition.    This  compound  is  analogous  to  the  aluniinates — for  instance,  to  spinel. 

^  Copper  and  cuprous  salts  also  reduce  ferric  oxide  to  ferrous  oxide,  and  are  them- 
selves turned  intocupric  salts.  The  essence  of  the  reactions  is  expressed  by  the  following 
equations  ;  FejOs  +  CujO  =  2FeO  +  2CuO  ;  Fe-^O-  -i-  Cu  =  2FeO  +  C  uO.  This  fact  is  made 
use  of  in  analysing  copper  compounds,  the  quantity  of  copper  being  ascertained  by  the 
amount  of  ferrous  salt  obtained.  An  excess  of  ferric  salt  is  required  to  complete  the 
reaction.    Here  we  have  an  example  of  reverse  reaction ;  the  ferrous  oxide  or  its  salt  in 
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Act  like  hydrogen,  and  have  also  a  similar  reducing  action,  and  this 
furnishes  the  best  method  for  reducing  ferric  salts  into  ferrous  salte — 
for  instance,  FejClB  +  Zn=2FeClj+ZnCli.  Thus  (A«  transition  from, 
JerroHS  »ilts  to/trric  salts  and  vice  verM  is  ahccii/s  possible.'^ 

Ferric  orAde,  or  setquloieide  of  iron,  FcjOj,  is  found  in  nature, 
and  is  artificially  prepared  in  the  form  of  a  red  powder  by  mnny 
methods.  Thus  after  heating  green  vitriol  a  red  oxide  of  iron  remains, 
called  cii{cof/i(ir,  which  is  used  as  an  oil  pnint,  principally  for  painting 
■wood.  The  same  substance  in  the  form  of  a  very  fine  powder  (rouge) 
ia  used  for  polishing  glass,  Et«el,  and  other  objects.  If  ferrous  sulphate 
is  mined  with  an  excess  of  common  salt  and  heated,  crystalline  ferric 
oxide  will  be  formed,  having  a  dark  violet  colour,  and  resembling  some 
natural  vorietiei  of  this  substunce.  When  iron  pyrites  is  heated  for 
preparing  sulphurous  anhydride,  ferric  oxide  also  remains  hehind.  On 
the  addition  of  alkalis  to  a  solution  of  ferric  salts,  a  brown  precipitate 
of  ferric  hydroxide  is  formed,  which  when  heated  (even  when  boiled  in 
water,  that  is,  at  about  100°,  according  to  Toraassi)  easily  parts  with  the 
water,  and  leaves  red  anhydrous  ferric  oxide.  Pure  ferric  oxide  does 
not  show  any  magnetic  properties,  but  when  heated  to  a  white  heat  it 
loses  oxygen  and  is  converted  into  the  magnetic  oxide.  Anhydrous 
ferric  oxide  which  has  l)een  heated  to  a  high  temperature  ia  with  diffi- 
colty  soluble  in  acids  (but  is  soluble  when  heated  in  strong  acid.^,  and 
also  when  fused  with  potassium  hydrogen  sulphate),  whilst  ferric 
hydroxide,  at  all  events  that  which  is  precipitated  from  salts  by  means 
of  alkalis,  is  very  readily  soluble  in  acids.  The  precipitated  ferric 
hydroxide  has  the  composition  2Fe,03,3HaO,  pr  Pe.HjOB.  If  this 
ordinary  hydroxide  is  rendered  anhydrous  (at  100°),  at  a  certain 
moment  St,  as  it  were,  bums — that  ia,  losea  a  certain  quantity  of  heat. 

the  pretence  ut  ntlinli  IranflFomiEi  the  cupiic  oiide  into  cuprous  oiide  and  motollic  copper, 
u  olwaned  by  Lovel.  Knopp,  and  nthpis, 

"  Wo  will  mention  thcxe  reactions  by  neani  of  -which  it  may  be  aaoertaiued  whether 
the  telTMl*  compoond  haa  been  entirely  converted  into  a  ferric  compound  or  vice  vend. 
ThsTfl  are  two  BubBtances  which  ipTO  thti  bc>t  raactioni  for  thia  purposes  potjuninm 
fenicf  anide,  FeKjC,N,,  and  thiDcyanat«,  ECNS.  The  first  Ba]t  giTea  with  ferroug  ults 
>  bine  precipitate  at  an  inaoluble  salt,  lin-Ting  a  composition  FeiC|i|X,ii;  but  with  ferric 
•altait  doei  not  form  any  prscipilsle,  ami  only  gives  a  brown  colour,  and  therefore  when 
tTanafomiing  ■  ferrous  snlt  into  a  ferric  Halt,  the  completion  of  the  tranKtomiBtion  may 
t>e  delected  by  takintca  drop  of  the  liquid  ou  paper  or  white  cluna  and  addingadcopof  the 
terrioyaDide  solution.  If  «  blue  precipitate  be  farrned,  then  part  of  the  [erroas  salt  still 
Tcmaiaa;  if  there  is  none,  it  means  that  the  tranafarmatiou  is  complete.  The  thiocyanate 
aoea  not  give  any  marked  coloration  with  ferrouH  salts;  but  with  ferric  salts  in  llie 
DHnt  diluted  utale  it  tormi  a  bright  red  soluble  c-ompoond,  aud  therefore  when  ttaui. 
I  forming  a  ferric  salt  into  a  ferroas  salt,  tre  must  proceed  as  before,  testin);  a  drop  of  lb* 
I  aolation  with  thioryanale,  when  tlie  absence  of  a  red  colour  will  prove  the  total  tram- 
formation  of  Iho  [erric  salt  into  the  terrous  Htule,  and  if  a  red  colour  is  apparent  it 
■bows  that  the  tranafonnation  is  not  yet  lomplete. 
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Tkis  self- iucaudesce nee  depecds  on  internal  displnceinent  produced  by 
the  transition  of  tlie  easily -soluble  (io  acids)  variety  into  the  difficaltlj- 
Koluble  variety,  but  does  not  dejieud  on  the  loss  of  water,  becauw 
the  anhydrous  oxide  undergoes  the  same  change.  In  additioa  to  tliii 
there  exists  a  ferric  hydroxirle,  or  bydrated  oxide  ot  iron,  just  as  diffi- 
cultly soluble  in  acids  as  strongly -heated  anhydrous  iron  oxide  is.  Thii 
hydroxide  losing  water,  or  after  the  loss  of  water,  doen  not  undergo 
such  self-incaudescence,  because  no  such  state  of  interaa!  displaceraeot 
occurs  (loss  of  energy  or  beat)  w.tli  it  as  that  which  is  peculiar  to  ths 
ordinary  oxide  of  iron.  The  fei  ric  hydroxide  which  is  difficultly  solubla 
in  acids  Las  the  composition  Fe^rij  H^O.  This  hydroxide  is  obtdaed 
I)y  a.  prolonged  ebullition  of  wattr  in  which  is  suspended  ferrio 
hydroxide  prepared  by  the  oxidation  of  ferrous  oxide,  and  also  some- 
tiroes  by  similar  treatment  of  tlie  ordinary  hydroxide  after  it  has  beeo 
for  a  long  time  in  contact  with  water.  The  transition  of  one  hydroxide 
to  another  is  apparent  by  a  change  of  colour ;  the  easily- so) uUe 
hydroxide  is  redder,  and  the  sparingly-soluble  hydroxide  wore  yello* 
in  colour.'^ 

The  normal  salts  of  the  composition  FejXg  correspond  with  ferrie 
oxide;  for  example,  the  exceedingly  volatile  _/errt(;  chloriiU,  FejCl^ 
which  is  easily  prepared  in  the  anliydmus  state  by  the  action  of  chloriM 
on  heated  iron.'*     Such  also  ia  the  normal  ferric  nitrate,  Fe,(NO^(  J 


"  Tho  two  ferrio  h;iiroiides  »xe  not  onlj  charucteriBed  by  the 
propertiei.but  u.l>o  by  the  fact  that  the  first  hydioiide  lotna  immediklety  wieh  poUaion 
tarracyuiide,  KiFeCglfg,  ■  blue  coloar  dependiug  on  the  lormitioa  ot  pniuui  Um 
whilst  the  eecoad  liydroiido  Aaea  not  give  uiy  leactino  wlntteier  witli  Uti>  aklL  TU 
first  hydroxide  in  entirely  soluble  In  nitric,  hydrochloric,  and  nil  otber  kcids;  ilhiUl  >li* 
■ticoiid  somelimeD  (not  alwDy«|  forma  a  brick-coloured  liquid,  whirli  apiwon  turlui 
■nd  dues  not  give  the  reutioag  peculiar  to  the  ferric  Hulte  {Piiiui  de  Buinl  GIUm- 
ticheurer-Keatner).  In  udJitiou  to  thin,  vhoii  the  iiualleal  quuit'ty  ol  tut  sIk&Unt  *^ 
it  eMei  lo  this  liquid,  ferric  oxidu  a  preoipitated.  Thaa  a  colloidfti  Hotutiou  ia  tormai 
(hydroaolj,  which  ia  einctly  aiinilnt  to  kilica  hydroaol  (CbapCer  XVU.|,  itcMirdiiiX  W 
wbioli  eiample  the  hydroaol  of  ferric  oiide  may  be  obtained. 

II  ordinary  ferric  bydroiiite  ia  dieaolved  in  aratio  acid,  »  aolalion  of  (he  colour  d  tA 
wine  ia  obtuiiod,  which  baa  all  the  reactiona  Dharacteriitic  ot  tenic  salts.  But  il  lU 
Holution  (termed  in  the  cold)  is  heated  to  the  boiling-point,  ita  coloar  is  very  npi^ 
inteneifie  1,  a  (moll  of  acetic  aoid  beconiea  apparent,  and  the  solotion  than  oonUiU  t 
new  variety  ot  feiric  oxide,  IF  the  boiling  of  the  eolation  bo  continued,  aeetia  K^  >• 
evolved,  and  th  ■  modified  ferric  oiide  ia  preci[Htated.  It  the  eTaporatiou  ot  tlie  acatJB 
acid  be  prevented  (in  a  cloaed  veoiel),  and  the  liquid  be  heated  for  Aome  lime,  the  whota 
of  the  ferric  hydroxide  then  poaoea  into  the  soluble  form,  and  il  some  aUcaliu«  sftll  b* 
added  (Ui  the  hydroaol  formed),  the  whole  ot  the  ferric  oiide  ia  then  preeipibtted  in  il* 
iniHilublH  [orm.  Tliii  method  may  be  applied  for  eeiMrating  ferric  uiije  (rom  aolutlaiil 
ot  its  Bolta. 

All  phenomena  obaerved  respecting  ferric  oxidu  (colloidal  properties,  vaiioua  fonn% 
rnrmatiim  of  double  basic  salts)  demonstrate  that  this  enbatonce,  like  ulick,  alDmiai, 
lead  hjdroiide,  Ac,  ia  imlymeriaed,  that  the  composition  i»  repreaented  by  (Fs,Oj)i~ 

"  The  ferric  compound  nhich  ia  most  usud  in  ixuclicc  (for  iu^louce,  in  medidac,  tot 
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it  is  obtained  by  dissolving  iron  in  an  excess  of  nitric  acid,  talting  cnre 
as  &tr  KB  possible  to  prevent  any  rise  of  temperature.*'  The  iiormiil 
salt  sepftrates  from  the  brown  solution  when  it  is  conoentnited  under 

cuiteriwDs,  stopping  blBodinf,  Aa— Oleum  Martii)  in/prrie  eh!trrid»,  FejCIj,  obtained  in 
■olntioD— for  inatnDce.  u  aFi^iO],3IijO-M4HCl.  It  is  obtkiusd  in  the  uUijdcoaa  lUtS 
tif  the  trtiiiD  of  chlorine  on  heateil  iron.  The  uxperimvQt  is  «in-ied  on  in  a  poroelain 
(□be,  uid  ■  *oh'd  volatile  tubilanet  is  then  Formed  in  the  thupe  of  brillikDt  Tiolet  snlei 
which  TBT}'  nudily  absorb  moisture  from  (he  air,  uid  when  he&ted  with  wster  decom- 
[loae  laid  cryiilAlliDe  ferric  oiide  anil  hjdrochloria  add:  Fe>,CIg  +  SHtO  =  GHCl+Fej03. 
Ferric  chioride  is  hi  volatile  that  the  density  ot  its  rnponra  may  be  determined.  At 
MO"  it  IS  eqaal  to  IM'D  referred  lo  hydrogen ;  the  formula  Fb/;!^  corresponds  with  a 
dentitj  at  IBSfi.  An  aqueous  solution  of  this  salt  has  a  brown  coloar.  Od  eraparatinf; 
and  cooling  this  eolutioa,  crystals  separate  containing  II  or  1!  molecules  ot  HgO.  Fenie 
chloride  ia  not  only  solnble  in  water,  but  also  in  olcubol  (similarly  to  magneBiora  chlo- 
ride, Ae.)  aud  in  ether.  If  the  latter  ealntians  are  eiposed  to  the  rays  ot  the  son  they 
became  calunrleas,  and  deposit  ferrous  chloride,  FeClj,  chlorine  being  disengaged. 
After  a  certain  lapse  of  time,  the  aqueona  solutious  of  torria  chloride  decompose  with 
precipitation  of  a  basic  salt,  thns  dcmocBtrating  the  infltsbllity  of  ferric  chloride,  like 
the  other  aalls  of  ferric  oxide.  This  salt  is  much  more  stable  in  the  form  of  double 
salts.  OS  are  all  the  ferric  salts  and  also  the  salts  of  manyother  feeble  bases.  Potaasiani 
or  amiROninni  chloride  forms  with  it  very  beautiful  red  cryatots  of  a  double  salt,  having 
the  composition  FeiClg,lKC!,3UjO.  When  a  solutioD  of  lliis  salt  ia  ersporated,  it 
decompoees,  nith  eepanition  of  potaBsium  chloride. 

••  The  nonnal  ferric  salts  are  decomposed  by  heat  and  even  by  water,  forming  basic 
■alts,  which  may  be  prepared  in  varions  ways.  Generally  ferric  hydmiide  is  diasolred  in 
BolntkiDi)  ot  ferric  nitrate;  if  it  contains  a  double  iitrsntlty  of  iron  the  basic  salt  is  then 
fonnea,  which,  therefore,  CDtitaini  Fe,Os  (in  the  form  of  bydroiide)  +  9Fa.(TfD,V - 
SPe,0(NOi),.  a  salt  of  the  type  Fe^OXi.  Probsbl;  water  enten  into  its  campooittoii. 
With  considerable  quantities  ot  ferric  oxide,  insoluble  basic  salts  an  obtained  contsjoing 
Taiions  amounts  of  ferric  hydroxide.  Thus  when  a  solution  of  the  above.mentioned  boeie 
Boh  ia  boiled,  a  precipitate  ia  formed  containing  4(Fe]0j)s,S(N,O]).BH.j0,  which  probably 
CDntainiaFe,0](NOs))-<'aFa,Ob»B.,0.  II  a  solution  of  basic  nitrate  be  sealed  in  n  tuba 
■ad  then  immersed  in  boiling  water,  the  colonr  of  the  solution  changes  just  in  the  some 
■ray  ae  it  a  eolation  ot  ferric  acetate  had  been  employed.  The  eolation  obtained  smells 
■trongly  of  nitric  arid,  and  on  adding  a  drop  nt  snlphuric  or  hydrochloriB  acid  tlia 
ineolnble  »ariely  of  liydraled  ferric  oxide  is  precipitated. 

Normal  ferric  oTlhopha4phale  is  soluble  in  anlpbnric,  hydrochloric  and  similar  acids, 
bat  ineolnble  in  others,  such  as.  for  instance,  a  vtic  acid.  Tlie  composition  of  this  snlt 
in  the  anhydrous  state  is  FeFOf,  because  in  orthophospboric  acid  there  are  three 
Moms  of  hydrogen,  and  iron,  in  the  ferric  state,  replaces  the  three  parts  of  hydrogen. 
This  aolt  is  obtained  from  ferric  acetate,  which,  with  disndinm  phosphate,  forma  a  icAifs 
yr*eipitat»  of  PePO,.  containing  water  (on  boiling,  3  mol.  SjO).  It  is  simplest  to  proceed 
■■  foUowi :  A  solution  of  ferric  chloride  (yellowish  red  coloar)  ia  mixed  with  a  aolatiou  ot 
•odium  aoetale  in  excess  (this  must  be  done  first  and  not  afterwards).  The  liqaid  then 
amunea  an  intenm  brown  colour  which  demonstrates  the  formation  of  a  certain  quantity 
of  feirieaoetiite;  then  the  disndinm  phosphate  directly  forms  a  white  gelatinous  precipltato 
of  ferric  pho^hate.  Here  the  whole  of  the  iron  maybe  precipitated,  and  the  liquid  from 
browTi  then  becomes  colonrlesa.  IF  tliia  normal  salt  be  immersed  in  orthophospboric  acid, 
the  crystalline  acid  salt  FeHj(PO()]ie  (ormed.  II  tlierelson  excess  of  ferric  oxide  in  the 
BOlation,  the  precipitate  will  consist  of  the  baai'^  salt.  It  ferric  phosphate  bo  dissolved 
In  bydrMhleric  acid,  and  ammonia  be  added,  on  heating,  a  salt  is  precipitated  which, 
after  continued  weahing  in  water  and  heating  (to  nniove  the  water),  has  the  composition 
PeiP,0,|— that  is,  aPetOi.PjOi.  In  an  equeoas  condition  this  salt  may  be  considered  as 
fetric  hydroxide,  Pa,(OH)(,  in  which  (OH)j  is  replaied  by  the  eqnivalont  (judging  from 
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This  self-incandescence  depends  on  internal  displacement  produced  bj 
the  transition  of  the  easily -soluble  (in  acids)  variety  into  the  difficnltly- 
soluble  variety,  but  does  not  depend  on  the  loss  of  water,  becanw 
the  anhydrous  oxide  undergoes  the  same  change.  In  addition  to  this 
there  exists  a  ferric  hydroxide,  or  hyd rated  oxide  of  iron,  just  as  diffi- 
cultly soluble  in  acids  as  strongly-heated  anhydrous  iron  oxide  is.  Hui 
hydroxide  losing  water,  or  after  the  loss  of  water,  does  not  undergo 
such  self -ill  candescence,  because  no  such  state  of  internal  displacement 
occurs  (loss  of  energy  or  heat)  w.th  it  as  that  which  is  peculiar  to  the 
ordinary  oxide  of  iron.  The  fei  ric  hydroxide  which  is  difficultly  soluble 
ill  acids  has  the  composition  Fe^O,  H.2O.  This  hydroxide  is  obtained 
by  a  prolonged  ebullition  of  vater  in  which  is  suspended  ferric 
hydroxide  prepared  by  the  oxidation  of  ferrous  oxide,  and  also  some- 
times by  similar  treatment  of  the  ordinary  hydroxide  after  it  has  been 
for  a  long  time  in  contact  with  water.  Tlie  transition  of  one  hydroxide 
to  another  is  apparent  by  a  change  of  colour ;  the  easily-soluble 
Iiydroxide  is  redder,  and  the  sparingly-soluble  hydroxide  more  yellow 
in  colour.^' 

The  normal  salts  of  the  composition  Fe^Xg  correspond  with  ferric 
oxide ;  for  example,  the  exceedingly  volatile  ferric  chloride^  Fe^Cl^ 
which  is  easily  prepared  in  the  anhydrous  state  by  the  action  of  chlorine 
on  heated  iron.''*     Such  also  is  the  normal  ferric  nitrate^  Fe2(NO,)5  ; 

^  The  two  ferric  hydroxides  are  not  only  characterised  by  the  above-menticaied 
proiM.'rticH,  but  also  by  the  fact  that  tlic  first  Iiydroxide  forms  immediately  with  potaaaiom 
ferroi.'ytiiiide,  K4FeCoNo,  a  blue  colour  de[>endiug  on  the  formation  of  pmssian  blue, 
whilst  the  Hccond  hydroxide  does  not  give  any  reaction  whatever  with  this  salt.  The 
firHt  hydroxide  is  entirely  soluble  in  nitric,  hydrochloric,  and  all  other  acids;  whilst  the 
second  sometimes  (not  always)  forms  a  brick-coloured  liquid,  which  appears  tarbid 
und  does  not  give  the  reactions  {)eculiar  to  the  ferric  salts  (Pean  de  Saint  Gilles, 
Scheurer-Kestner).  In  addition  to  this,  when  the  smallest  quantity  of  an  alkaline  salt 
is  added  to  this  liquid,  ferric  oxide  is  precipitated.  Thus  a  colloidal  solution  is  formed 
(hydrobi)!),  which  is  exactly  similar  to  silica  hydrosol  (Chapter  XVIL),  according  to 
wlii..*h  example  the  hydrosol  of  ferric  oxide  may  be  obtained. 

If  ordinary  ferric  hydroxide  is  dissolved  in  acetic  acid,  a  solution  of  the  colour  of  red 
wine  is  obtained,  which  has  all  the  reactions  characteristic  of  ferric  salts.  But  if  this 
hv)lution  (foinitd  in  the  cold)  is  heated  to  the  boiling-point,  its  colour  is  very  rapidly 
intensifie  1,  a  i^mell  of  acetic  acid  becomes  apparent,  and  the  solution  then  contains  a 
wow  variety  of  feiric  oxide.  If  the  boiling  of  the  solution  he  continued,  acetic  acid  it 
evolved,  and  th  mcdifie J  ferric  oxide  is  precipitated.  If  the  evaporation  of  the  acetie 
ncid  he  prevented  (in  a  closed  vessel,  and  the  liquid  be  heated  for  some  time,  the  whole 
of  the  ferric  hydroxide  then  passes  into  the  soluble  fonu,  and  if  some  alkaline  salt  be 
ttdih'd  (to  the  hydrosol  f(.rmed),  the  whole  of  the  ferric  oxide  is  then  precipitated  in  its 
in -soluble  form.  This  method  may  be  applied  for  separating  ferric  oxide  from  solutions 
of  its  salts. 

All  phenomena  observed  respecting  ferric  oxide  (colloidal  i»roperties,  various  forms, 
format  ion  of  double  basic  salts)  demonstrate  that  tliis  substance,  like  silica,  alumina, 
lo.ul  hydroxide,  »fcc.,  is  polymerised,  that  the  composition  is  represented  by  (FcaOa)*. 

-^  The  ferric  compound  which  is  most  used  in  practice  (for  instance,  in  medicine,  for 
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it  is  obtained  by  dissolving  iron  in  an  excess  of  nitric  acid,  taking 

H3  far  as  possible  to  prevent  any  rise  of  teroperature.*'     The  Dormul 

salt  separates  from  the  brown  solution  when  it  is  concentrated  under 

cantcclBiDg,  stopping  bleeding,  Ac. — Olenin  Mutii)  la/rrrie  chloride,  Fe^Clg,  abtauied  in 
HOlalion-tDiinaUDce,  lu  aFejOi.SHjO-t-lJilCI.  It  ia  obtainud  in  Lhe  anhydruDB  stula 
hj  Ibe  action  of  i^blarine  on  heated  iron.  Tbe  erperimcnt  is  cBrried  on  in  ■  porcolnin 
tube,  uid  >  aolii)  volatile  tubitanre  is  tben  tonned  In  the  ehape  nl  brilliant  violet  mnJes 
vhicb  very  readily  (.bHorb  moiHtUre  from  tbe  air,  and  wben  beated  with  water  deconi- 
poeo  into  rryBtiillina  ferrio  oiide  and  bjdrochlqrie  acid :  Fe,Cl,  +  BHjO-6HCI  +  Fe.jO-, 
Farna  chloride  is  eo  volatile  tb*t  the  denaitf  or  its  vapoare  may  be  determined.  AC 
4*0'  it  ii  eqnol  to  IM'O  referred  to  hydrogen ;  the  (orninla  FejClj  eorreaponils  with  a 
deniity  of  lOSG.  An  oqueona  solntion  □!  tbia  salt  bas  ■  brown  colonc.  On  evaporating 
and  cooling  tlu«  eolntion,  rryslalii  Beparato  uoatiiining  G  or  IS  molecnlas  of  HjO.  Fercio 
chloride  is  not  only  soloblo  in  water,  bnt  alHD  in  oluobol  (similarly  to  mognesiiun  chlo- 
ride, £c.)  and  in  ether.  If  tbe  bitter  eolatiana  are  eipoeed  to  the  rayi  of  the  sun  Uiey 
became  cubinrlemi,  and  depoiil  ferroas  chlnrido,  FeCtg,  chlorine  being  disengaged. 
After  a  certain  lapae  of  time,  tbe  aqneoue  tmlulionB  ol  ferric  chloride  decompose  with 
precipitation  of  a  bsaic  nalti  thna  demonstrating  the  instability  of  ferric  chloride,  like 
tbe  other  oalta  of  ferric  oride.  This  salt  is  mncti  more  ntable  in  the  lonn  of  doable 
■alia,  as  ore  all  the  ferric  salts  and  also  the  salts  of  mnny  other  (eeble  bases.  Pohwainm 
or  ammonium  chloride  forms irith  it  very  beautiful  red  vryatolsot  a  double  salt,  having 
the  composition  Fe]Cldi4KCl,3B,0.  When  a  soIutiDu  of  this  salt  is  evaporated,  it 
decomposes,  with  separation  of  potassium  chloride. 

'*  The  normal  ferric  salts  ore  decomposed  by  heat  and  even  by  water,  forming  basiu 
salts,  which  may  be  prepared  in  varions  ways.  Generally  ferric  hydroxide  is  diseulred  in 
solutions  of  ferric  nitrate;  if  it  contains  a  doable  quantity  of  iron  the  basic  salt  is  then 
formed,  which,  therefore,  contains  Fe,Oi  (in  the  form  of  hydrDiide)  +  9Fe^!fO]la« 
8Fe^(N0})|,  a  salt  of  the  type  Fe,OX|.  Probably  water  enters  into  its  compontinn. 
With  considerable  quantities  of  ferric  oxide,  inaotuble  basic  salts  are  obtained  containing 
nuions  amounts  of  ferric  hydroxide.  Thns  when  a.  solution  of  tbe  above-mentioned  basic 
salt  is  boiled,  a  prei>ipitate  is  formed  conlsining  l(Fc30i)|i,9(N,0:,1,SH^0,  which  probably 
contuns  3Fe,0,lN0:),  +  2^6,0.1,80)0.  If  a  solotion  of  bssic  nitrate  be  sealed  in  a  tuba 
and  then  immersed  in  boiling  water,  the  eotoor  of  tlia  solution  changes  just  in  the  same 
way  OS  it  a  soln^on  of  ferric  acetate  bad  been  employed.  The  solution  obtained  smella 
■trongly  ol  nitric  acid,  and  on  adding  a  drop  of  anlphnric  or  hydroobloric  acid  the 
insolable  variety  of  hydrated  (erric  oxide  is  precipitated, 

Normal  ferric  oflhophotphnte  is  soluble  in  sulphuric,  hydrochloric  and  ainular  ociils, 
bat  insoluble  in  others,  such  as,  for  instance,  a'ctic  acid.  The  composition  ol  this  Bait 
In  the  anhydrous  state  is  FePO(,  because  in  orthopbosphoric  acid  there  are  three 
■lonu  ol  hydrogen,  and  iron,  iu  the  lettlc  state,  replaces  the  three  ports  of  hydrogen. 
Thin  salt  is  obtained  from  ferric  acetate,  trbich,  with  disodinm  phosphate,  forms  a  whita 
jjvecipiiafeof  FfPOi,  containing  water  (on  boiling,  3  mol.HjG).  It  is  simplest  to  proceed 
•s  foUowa  :  A  solntion  of  ferric  chloride  (yetlowish  red  coloor)  is  mixed  with  a  solution  of 
■odium  acetate  in  excess  (this  must  be  done  fint  and  not  alterwards).  The  liquid  then 
aramnes  on  intense  brown  colour  which  demonstrates  the  formation  of  a  certain  qoanlily 
of  ferric  acetate ;  then  the  disodium  phosphate  directly  forms  n  white  gelatinous  precipitate 
of  ferric  phosphate.  Here  tbe  whole  of  tbe  iron  may  he  precipitated,  and  the  liquid  from 
brown  then  becomes  colourless.  IF  this  normal  salt  be  immersed  in  orthophosphorio  ooid, 
the  crystalline  acid  sslt  FeH,(POi).j  is  formed.  If  there  is  an  excess  of  ferric  oxide  in  the 
•olution,  tbe  precipitate  will  consist  ol  tbe  basi?  salt.  II  ferric  phosphate  be  dissolved 
In  hydrochloric  odd,  and  ammonia  be  added,  on  lieating,  a  tudt  is  precipitated  which. 
■Iter  continued  washing  in  water  and  heating  (to  nicove  the  water),  hoe  the  oompneition 
Fa,F/)i, — that  is,  3Fe,Os.PjO].  In  an  aqueoDS  condition  this  salt  may  he  considered  a* 
'  lanlc  hjdnnide,  Pe,(OH]g,  m  wbkh  (0B)3  is  replaced  by  tbe  equivalent  (jodging  from 
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a  bell  jar  over  sulphuric  acid.  This  salt,  Fe2(N03)(i,9H20,  then 
crystallises  in  well-formed  and  completely  colourless  crystals,**  which 
deliquesce  in  air,  melt  at  35°,  and  are  soluble  in  and  decomposed  by 
water.  The  decomposition  may  be  seen  from  the  fact  that  the  solution 
is  brown  and  does  not  yield  the  whole  of  the  salt  again,  but  gives 
partly  basic  salt.  The  normal  salt  is  completely  decomposed  with  great 
facility  by  heating  with  water,  even  at  130°,  and  this  is  made  use  of 
for  removing  iron  (and  also  certain  other  oxides  of  the  form  RgOj) 
from  many  other  bases  (of  the  form  RO)  whose  nitrates  are  far  more 
stable. 

Iron  forms  one  more  oxide  besides  the  ferric  and  ferrous  oxides ; 
this  contains  twice  as  much  oxygen  as  the  former,  but  is  so  very 
unstable  that  it  can  neither  be  obtained  in  the  free  state  nor  as  a 
hydrate.  Whenever  such  conditions  of  double  decomposition  occur  as 
should  allow  of  its  separation  in  the  free  state,  it  decomposes  into 
oxygen  and  ferric  oxide.  It  is  known  in  the  state  of  salts,  and  is  only 
stable  in  the  presence  of  alkalis,  and  forms  salts  with  them  which  have 
a  decidedly  alkaline  reaction  ;  it  Ls  therefore  a  feebly  acid  oxide.  Thus 
when  small  pieces  of  iron  are  heated  with  nitre  or  potassium  chlorate,  a 
potassium  salt  of  the  composition  K2Fe04  is  formed,  and  therefore  the 
hydrate  con*esponding  with  this  salt  should  have  the  composition 
H^FeO^.  It  is  called /erric  acid.  Its  anhydride  ought  to  contain  FeOj 
or  FcaO^ —  twice  as  much  oxygen  as  ferric  oxide.  If  a  solution  of 
potassium  ferrate  is  mixed  with  acid,  the  free  hydrate  ought  to  be 
formed,  but  it  immediately  decomposes 

(2K3Fe04  +  5H2S04=2K2S04  +  ¥e.,(SO^)^  +  SH^O  +  O3) 

the  formation  of  Na5P04  from  SNaHO)  groap  PO4.  Whenever  ammonia  is  added  to  a 
solution  containing  an  excess  of  ferric  salt  and  a  certain  amount  of  phosphoric  acid,  a 
precipitate  is  formed  containing  the  whole  of  the  phosphoric  acid  in  the  mass  of  the  ferric 
oxide. 

Ferric  oxide  is  characterised  as  a  feeble  base,  and  also  by  the  fact  of  its  forming  double 
salts — for  inBta.nce, poias8itimiro?i  alum,  which  has  a  composition  Fe2(S04)5,K.2S04,24H.20 
or  FeK(S04)3,12H20.  It  is  obtained  in  the  form  of  almost  colourless  or  light  ro8e> 
coloured  largo  octahedra  of  the  regular  system  by  simply  mixing  solutions  of  potassiiim 
sulphate  and  the  ferric  sulphate  obtained  by  dissolving  ferric  oxide  in  sulpharic 
acid. 

'^  It  would  seem  that  all  normal  ferric  salts  are  colourless,  and  tliat  the  brown  colour 
which  is  peculiar  to  tlie  solutions  is  really  due  to  basic  ferric  salts.  A  remarkable 
example  of  the  seeming  change  of  colour  of  salts  is  represented  by  the  ferrous  and  ferric 
oxalates.  Tlie  former  in  a  dry  state  has  a  yellow  colour,  although,  as  a  rule,  the  fenons 
salts  are  green,  and  the  latter  is  colourless  or  jiale  green.  When  the  normal  ferric  salt  is 
dissolved  in  water  it  is,  like  many  salts,  probably  decomposed  by  the  water  into  acid 
and  basic  salt,  and  the  latter  communicates  a  brown  colour  to  the  solution.  Iron  alum 
is  almost  colourless,  is  easily  decomposed  by  water,  and  is  the  best  proof  of  onr  supposi- 
tion. The  study  of  the  phenomena  pectiliar  to  ferric  nitrate  might,  in  my  opinion,  give 
a  very  useful  addition  to  our  knowledge  of  the  aqneous  solutions  of  salts.    FerrooB 


IRON,   COBALT,  AND  NICKEL 

osygen  being  evolved.  If  a  small  quantity  of  acid  be  taken,  or  if  a. 
solution  of  potassium  ferrate  be  heated  with  solutions  of  other  metallic 
aalts,  ferric  oxide  is  separated,  for  instance  : 

2CuS0,  +  2K,FeOj=2K,S04  +  O3  +  FesO,+  2CuO. 

Both  these  osides  are  naturally  deposited  in  the  form  of  hydrates, 
Tliia  shows  that  not  only  tlie  hydriite  HjFeO,,  but  also  the  salts  of  the 
heavy  uietiih  corresponding  with  this  liigher  oxide  of  iron,  are  not 
formed  by  reactions  of  double  decomposition.  The  solution  of  potas- 
sium ferrate  naturally  acts  as  a  powerful  oxidising  agent ;  for  instance, 
it  transforms  manganous  oxide  ioto  the  dioxide,  sulphurous  into 
sulphuric  acid,  oxalic  acid  into  carixinic  anhydride  and  water,  Jic.^* 

Iron  thus  combines  with  oxygen  in  three  proportions  :  RO,  R5O3, 
and  RO3,  It  might  have  been  expected  that  there  would  he  inter- 
mediate stages  RO^  and  RjO,„  but  for  iron  these  are  unknown.  The 
lower  oxide  has  a  distinctly  baeic  character,  the  Jugher  is  feebly  acid. 
The  only  one  which  is  stable  in  the  free  state  is  ferric  oxide,  Fe^O,  ;  the 
suboxide,  FeO,  absorbs  oxygen,  and  ferric  anhydride,  FeOj,  evolves  it. 
It  is  also  the  some  for  other  elements  ;  the  character  of  each  is  deter- 
mined by  the  relative  degree  of  stability  of  the  known  oxides.  The 
salts  FeXj  correspond  withtlie  suboxide,  the  salts  FeX,  or  Fe^Xg  with 
the  sesquioxide,  and  FeX^  represents  those  of  ferric  acid,  as  its  potas' 
sium  salt  is  FeO^{OK)j,  corresponding  with  K^SO,,  KjMnO^,  KjCtO,, 
itc.  Iron  therefore  forms  compounds  of  the  typos  FeXj,  FeX3,  and 
FeXfi,  but  this  latter,  like  the  type  NXj,  does  not  appear  separately,  but 
only  when  X  represents  heterogeneous  elements  or  groups  ;  for  instance, 
for  nitrogen  in  the  form  of  NOj{OH),  NH,C1,  ic,  for  iron  in  the  form 
of  FeOo(0K)j.  But  still  the  type  FeX^  exists,  and  therefore  FeX,  and 
FeX,.,  are  compounds  like  ammonia,  NH3,  which  are  capable  of  further 
combinations  up   to   FeX^   and  further,    which  is   expressed   tn    the 


nitb  putiLsiiiDin  oialsto,  act  ut  pfiverful  reJncitij;  agenU,  snd 
t  UHed  in  photogrftpliy  (_tka  il  developer). 

UtraDgh  0,  strong  iDlntioi)  oF  potusiatn  hj-droiide  in  which 
Hpeaded,  the  turbid  liijaid  acqninfl  &  dark  pomegranaEe  red 
um  (emte :  lOKHO  -f  Fe,0]  +  HCl,  -  ULjEeO^  +  eSCl  *  GH,0, 
u  excew,  otliflrwite  the  salt  ii  again  tlecom  poled,  although  the 
uuknowQi  liovrevur,  forric  chloride  and  poUtBium  uhtonlo 
ther  way  iu  which  the  abovB-deBcribsd  adt  in  fonned  i«  ulso 
mt  ({rom  fl  Grove  eletaeata)  <■  puwwd  througb  cut-iroa  uid 
itrong  solution  of  potoaaiuia  hydroiids.  The  raat-iroa 
the  poaiCivB  pole,  uid  tliu  pUtiDum  elegtKide  is  mirrouoded 
■r.  Oiygeu  ougbt  to  be  evoU-ed  at  tha  caat-iron  oleotrode, 
in,  aad  a  dark  sulution  of  polaasiam  ferrate  is  then  foimod 
that  the  out  iron  cannot  be  replaced  by  vmught  iron. 


aiaIato.and  its  double  salt 
the  latter  ia  on  thia  acconn 
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The  chlorine  muM  not  be  L 
mode  of  deiwnipoiutioD  it 
are  probably  formed.  Ano 
remarkable;  a  galranic  currei 
pUtinuui  eleetrodes  into 
eisctnide  ia  connected  with 
by  a  poroua  earthen  cylindi 
bill  it  ia  aited  up  in  oiidatl< 
il  rcmoilmbls 
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property  of  ferrous  and  ferric  salts  of  forming  compounds  with  water  of 
crystallisation,  double  and  basic  salts,  whose  stability  is  determined  by 
the  quality  of  the  elements  included  in  the  types  FeX2  and  FeX|. 
When  the  molecule  FejClg  is  produced  instead  of  FeCls,  this  complica- 
tion of  the  type  also  occurs.  Therefore  complex  compounds  may  be 
expected  to  correspond  with  ferrous  and  ferric  oxides.  Amongst 
these  the  series  of  cyanogen  compounds  is  particularly  interesting  ;  their 
formation  and  character  is  not  only  determined  by  the  property  which 
iron  possesses  of  forming  complex  types,  but  also  by  the  similar  faculty 
of  the  cyanogen  compounds,  which,  like  nitriles  (Chapter  IX.),  have 
clearly  developed  properties  of  polymerisation  and  in  general  of  forming 
complex  compounds. 

In  the  cyanogen  compounds  of  iron,  two  degrees  might  be  expected  : 
Fe(CN)2,  corresponding  with  ferrous  oxide,  andFe(CN)3,  corresponding 
with  ferric  oxide.  There  are  actually,  however,  many  other  known 
compoujads,  intermediate  and  far  more  complex.  They  correspond 
with  the  double  salts  so  easily  formed  by  metallic  cyanides.  The  two 
following  double  salts  are  particularly  well  known,  very  stable,  often 
used,  and  easily  prepared.  Potassium  ferrocyanide,  or  yellow  pru^siate  of 
potashy  a  double  salt  of  cyanide  of  potassium  and  ferrous  cyanide,  has 
the  composition  FeC2N2,4KCN,  its  crystals  contain  3  mol.  of  water: 
K4FeC5N6,3H20.  The  other  is  potassium  ferricyanide  or  red  prussiate 
of  potash  or  Gtnelin^s  salt,  containing  cyanide  of  potassium  with  ferric 
cyanide  ;  its  composition  is  Fe(CN)3,3KCN  or  KjFeCgN^.  Its  crystals 
do  not  contain  water.  The  second  differs  from  the  first  in  its  contain- 
ing, not  four  but,  only  three  atoms  of  potassium,  and  is  obtained  from 
the  first  by  the  action  of  chlorine,  which  removes  one  atom  of  the 
potassium.  A  whole  series  of  other  ferrocyanic  compounds  correspond 
with  these  ordinary  salts. 

Before  treating  of  the  preparation  and  properties  of  these  two 
remarkable  and  very  stable  salts,  it  must  be  observed  that  with  ordi- 
nary reagents  neither  of  them  gives  the  same  double  decompositions  as 
the  other  ferrous  and  ferric  salts,  nor  exhibits  the  characteristic  proper- 
ties of  the  potassium  cyanide  which  they  contain.  Thus  these  salts 
have  a  neutral  reaction,  are  unchanged  by  air,  dilute  acids,  or  water, 
unlike  potassium  cyanide  and  even  some  of  its  double  salts.  When 
solutions  of  these  salts  are  treated  with  potassium  hydroxide,  they  do 
not  give  a  precipitate  of  ferrous  or  ferric  hydroxides,  neither  are  they 
precipitated  by  sodium  carbonate.  This  led  the  earlier  investigators  to 
recognise  special  independent  groupings  in  them.  The  yellow  prus- 
sjate  was  considered  to  contain  the  complex  radicle  FeCgNg  combined 
with  potassium,  namely  with  K4,  and  K3  was  attributed  to  the  red 
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bonates,  which  renders  it  possible  to  readily  prepare  ferrocyanidos  of 
the  metals  of  the  alkalis  and  alkaline  earths  ;  these  are  readily  soluble, 
have  a  neutral  reaction,  and  resemble  the  yellow  prussiate.  Solutions 
of  these  salts  form  precipitates  with  the  Baits  of  other  metals,  because 
the  ferrocyanides  of  the  heavy  metals  are  insoluble.  Here  the  whole 
of  the  potassium  of  the  yellow  prussiate,  or  only  a  part  of  it,  is  exchanged 
for  an  equivalent  quantity  of  the  heavy  metal.  Thus,  when  a  cuprio 
salt  is  added  to  a  solution  of  yellow  prus^iatc,  a  red  precipitate  is  obtained 
which  still  contains  half  the  potassium  of  the  yellow  pmsniate  : 

K.FeCfiNB  +  CuSO.sKjCuFeCeNs+KaSO^. 

But  if  the  process  be  reversed  (the  salt  of  copper  will  then  be  in  excess) 
the  whole  of  the  potassium  will  be  exchanged  for  copper,  forming  a 
reddish-brown  precipitate,  CujFeCiiNgiOHjO.  This  reaction,  and  also 
those  similar  to  it,  are  very  sensitive,  and  may  be  used  for  testing 
metals  in  solution,  more  especially  as  the  colour  of  the  precipitate  very 
often  shows  a  marked  difference  when  one  metal  is  exchanged  for 
another.  Zinc,  cadmium,  lead,  antimony,  tin,  silver,  cuprous  and 
aurous  salts  form  vhifK  precipitates  ;  cupric,  uranium,  titaniumi 
and  molybdenum  salts  form  redd leh- brown  ;  those  of  nickel,  cotialt, 
and  chromium,  green  precipitates ;  with  ferrous  salts,  ferrocyanide 
forms,  as  has  been  already  meniioned,  a  icAi(e  precipitate — namely, 
FejFeCeNj,  or  FeCjN, — which  turns  blue  on  exposure  to  air,  and, 
with  ferric  salts,  a  bhte  precipitate  called  prussian  blue.  Here  the 
potassium  is  replaced  by  iron,  the  reaction  being  expressed  thus  : 
2Fe,afi  +  3K,FeC5Ns  =  12KCl  +  Fe,FajC,HN,8,  the  latter  formula 
expressing  the  composition  of  prussian  blue.  It  is  therefore  the 
compound  4Fe(CN)j  +  3Fe(CN),.  The  yellow  prussiate  is  preparetl  in 
chemical  works  on  a  large  scale,  especially  for  the  manufacture  of  this 
blue  pigment,  which  is  used  for  dyeing  cloth  and  other  fabrics,  and 
also  as  one  of  the  ordinary  blue  paints.  It  is  insoluble  in  water,  and 
the  stuSs  are  therefore  dyed  by  first  soaking  them  in  a  solution  of  a 
ferric  salt,  and  then  in  a  solution  of  yellow  prussiate.  However,  if 
there  be  an  excess  of  yellow  prussiate,  complete  substitution  between 
potassium  and  iron  does  not  occur,  and  n>^»&/e&/ue  is  formed  ;  KFe,(CN)g 
=  KCN,Fe(CN)j,Fe(CN)3.  This  blue  salt  is  colloidal,  is  soluble 
in  pure  water,  but  insoluble  and  precipitated  when  other  salt« — for 
instance,  potassium  or  sodium  chloride — are  present,  even  in  small 
quantities,  and  is  therefore  first  obtained  as  a  precipitate.** 
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double  salt  ought  to  be  regarded  as  a  peculiar  kind  of  saline  compound  ; 
potassium  cyanide  is,  as  it  were,  a  basic,  and  ferrous  cyanide  an  acid, 
element.  They  may  be  unstable  in  the  separate  state,  but  form  a 
stable  double  compound  when  combined  together  ;  the  act  of  combina- 
tion disengages  the  energy  of  the  elements,  and  they,  so  to  speak, 
saturate  each  other.  Naturally,  all  this  is  not  a  definite  explanation, 
but  then  the  admission  of  a  special  complex  radicle  can  even  less  be 
regarded  as  such. 

Potassium  ferrocyanide,  K4FeC6N6,  is  very  easily  formed  by  mixing 
solutions  of  ferrous  sulphate  and  potassium  cyanide.  First,  a  white 
precipitate  of  ferrous  cyanide,  FeC2N2,  is  formed,  which  becomes  blue 
on  exposure  to  air,  but  is  soluble  in  an  excess  of  potassium  cyanide, 
forming  the  ferrocyanide.  The  same  yellow  prussiate  is  obtained  on 
heating  animal  nitrogenous  charcoal  or  animal  matters — for  instance, 
horn,  leather  cuttings,  <kc. — with  potassium  carbonate  in  iron  vessels,'^ 
the  mass  formed  being  afterwards  boiled  with  water  with  exposure  to 
air,  potassium  cyanide  first  appearing,  which  gives  yellow  prussiate.  In 
this  manner  it  is  manufactured  on  the  large  scale,  and  is  called  *  yellow 
prussiate '  (*  prussiate  de  potasse,'  Blutlaugensalz).  The  animal  charcoal 
may  be  exchanged  for  wood  charcoal,  permeated  with  potassium  car- 
bonate and  heated  in  air — that  is,  nitrogen ;  the  mass  thus  produced 
is  then  boiled  in  water  with  ferric  oxide.  ^® 

It  is  easy  to  substitute  other  metals  for  the  potassium  in  the  yellow 
prussiate.  The  hydrogen  salt  or  hydroferrocyanic  acid,  H4FeC6Ng,  is 
obtained  by  mixing  strong  solutions  of  yellow  prussiate  and  hydro- 
chloric acid.  If  ether  be  added  and  the  air  be  excluded,  the  acid  is 
obtained  directly,  in  the  form  of  a  white,  scarcely  crystalline  precipitate 
which  becomes  blue  on  exposure  to  air  (like  ferrous  cyanide  from  the 
formation  of  blue  compounds  of  ferrous  and  ferric  cyanides,  and  it  is 
on  this  account  used  in  cotton  printing).  It  is  soluble  in  water  and 
alcohol,  but  not  in  ether,  has  marked  acid  properties,  decomposes  car- 

27  The  sulphur  of  the  cknimal  refuse  here  forms  the  compound  FeKS^,  which,  by  the 
action  of  potassium  cyanide,  yields  potassium  sulphide,  thiocyanate,  and  ferrocyanide. 

'^  Potassium  ferrocyanide  may  also  be  obtained  from  prussian  blue  by  boiling  with  a 
solution  of  potassium  and  hydroxide,  and  from  the  ferricyanide  by  the  action  of  alkalis 
and  reducing  substances  (because  the  red  prussiate  is  a  product  of  oxidation  produced  by 
the  action  of  chlorine :  a  ferric  salt  is  reduced  to  a  ferrous  salt),  &c.  On  evaporation  the 
solution  yields  large  pliable  crystals  containing  8  molecules  of  water,  which  is  easily 
eicpclled  by  heating  above  100°.  100  parts  of  water  at  the  ordinary  temperature  are 
capable  of  dissolving  25  parts  of  this  salt;  its  sp.  gr.  is  188.  When  ignited  it  forms 
potassium  cyanide  and  iron  carbide,  FeC^.  Oxidising  substances  change  it  into  potassium 
ferricyanide.  With  strong  sulphuric  acid,  it  gives  carbonic  oxide,  and  with  dilute  sul- 
phuric acid,  when  heated,  prussic  acid  is  evolved  according  to  the  equation  :  2K4FeC0NQ 
-i-8HaS04=E2Fe2CeNe+  8K:|S04-(-6HCN ;  hence  in  the  yellow  prussiate  E,  replaoea  Fe< 
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tion,  being  thus  formed  ;  3FeCl,  +  2K3FeCsNG=6Ka  +  Fe3Fe,C„N,^ 
or  .IFeCtN^FejC^Nc ;  whilst  in  Prusaiim  blue  we  have  Fe,C^,g,  and 
here  Fe^Cyu.  A  ferric  salt  ought  to  form  ferric  cyanide,  FejCfiNn, 
with  red  prussiate,  but  ferric  cyanide  is  solable,  and  therefore  there  is 
no  precipitate,  and  the  liijuid  only  becomes  brown." 

If  chlorine  and  sodium  are  representatives  of  independent  groups 
of  elements,  the  same  may  also  be  su.id  of  irou.  Ita  nearest  analogues 
sloue  show,  besides  a  similarity  in  character,  a  likeness  as  regards 
physical  properties  and  a  proximity  in  atomic  weight.  Iron  occupies  ii 
medium  position  amongst  its  nearest  analogues,  both  with  respect  to 
properties,  and  faculty  of  forming  saline  oxides,  and  also  as  reganls 
Bitamic  weight.  On  the  one  hand,  cobalt,  58,  and  nickel,  59,  approach 
iron,  56  ;  they  are  metals  of  a  more  bo^c  character,  they  do  not  fonu 


"  It  ■•  importuit  la  meiitioD  &  seriaa  ot  readily  cTyitolliubte  ulta  [armed  by  Uie 
•etion  at  niUic  ludd  on  pntuuam  Uid  other  (enocyuiideB  uid  (erricyuiidea.  These 
oils  conUin  the  elementH  o!  ailrio  oiidu.  and  uru  therefate  ailrd  nilro.[Hilrvoj 
firrrin/anida  {ntlropru$iiiiet).  Most  often,  a  crystallme  sodinin  ult  ia  ubtainod, 
KktfoCjNjO.aHiO.  In  ita  composition  thin  «att  differs  from  the  red  aodiniu  nsll, 
KasFeCtNg,  by  the  taet  that  in  it  one  molecnle  □(  sodium  cyanide,  NaCN,  ia  reiiUced  by 
nitcio  oxide,  XO.  In  ordiic  to  pnpare  it,  patosBiDm  terrucyiinide  in  povdtir  most  be 
miisd  with  live-sevenUis  of  its  weight  of  nitiif  acid  mixed  with  an  sqnal  Tolume  of 
mter.  The  mixture  ii  al  &rBt  left  at  the  ordinary  temperatnre,  and  then  heated  in  a 
mter-bath.  Here  [urtiL-yiLuide  is  Grit  of  all  tDnn«l  (aa  shown  by  the  liquid  giring  a 
precipitalfl  with  ferroas  chloridel,  which  then  disappears  (no  piecipitule  with  ferrous 
chloride),  and  forma  ■  green  prei^ipitutc.  The  liqaid.  when  cooled,  depoiita  aryttols 
of  nitre.  The  liqoid  is  then  strained  off  uid  mixed  with  sodium  carbonate,  boileit, 
filtered,  and  evaporated :  sodinm  nitrate  and  the  salt  deacribed  are  deposited  in  eryttali. 
It  aeparalDB  in  prisms  of  a  rod  colour.  Alkalis  and  sails  of  the  alkaline  earths  do  not 
give  piecipitalea :  they  are  (olnble,  bnt  the  salts  of  iron,  linc.  copper,  and  silver  form 
precipitates  where  fiodium  is  exchanged  with,  tliese  metaU.  It  is  remnrkuble  that  tlie 
sulphides  ol  the  alkali  metals  give  with  tliis  salt  an  intense  bright  purple  caloration. 
Thi*  series  of  compoondi  was  diicovered  by  Qmulin  and  studied  by  Playfair  and  othora 
tlB4a|. 

This  seriee  to  a  certain  extent  rewmblea  tba  niRo-snlphide  series  described  by 
Bonasin.  Bare  (he  primary  compound  consists  of  black  crystals,  which  ai«  Ihns 
obtaiued^ — Sotntiunsof  potasiiium  hydrosnlpLide  and  nitrite  are  mixed,  aud  the  miitum 
it  egitaUtd  whilst  ferric  chloride  is  added,  then  boiled  and  filtered ;  on  cooling,  blaek 
eryital*  are  deposited,  having  the  compOBitian  Fe«Sj(NO)in,H,0  (RoMnbergl,  or.  aoeord- 
iiig  to  Dcmel,  FeNO„N'H^.  They  hare  a  slightly  metallic  luatro,  and  are  soluble  in 
water,  alcohul,  aud  ether.  They  absorb  the  latter  aa  easily  as  calcium  chloride  abeorba 
water.  In  the  presence  of  alkalia  these  crystals  remain  onchanged,  but  with  acids  tb«]r 
•Tolvo  nitric  oxides.  It  is  affirmed  that  tfaero  are  several  eompouud*  which  are  capable 
of  inlerohauging.  and  oorrespoiid  with  RoDssiii's  salt.  Tlore  we  enter  into  the  series  of 
llie  nitrogen  compound*  which  have  been  ae  yet  but  little  investigatod,  and  will  moal 
probably  in  time  form  most  instmctive  material  for  studying  the  nature  ol  that  element. 
TheH  scries  of  componnda  are  aa  nnlike  the  usual  saliue  compounds  of  inarganio  ch«- 
mislry  as  are  organic  hydrocarbons.  There  is  no  necessity  to  describe  tbete  series  in 
detail,  becBUM!  their  connection  wllb  other  compounds  is  not  yet  clear,  and  they  have 
not  yet  any  application;  but,  all  the  same,  Itieir  investigoUou  gires  pmniiae  of  opening 
Mt  otbec  TtaXaa  ot  knowledge  in  (he  tutore  ol  cbemistrr. 
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Potassium  ferricyanide,  or  r^d  prnssicUe  of  potash,  K3FeC6N^  is 
called  '  Gmelin's  salt/  because  this  savant  obtained  it  by  the  action 
of  chlorine  on  a  solution  of  the  yellow  pmssiate  :  K4FeC|;N5+Cl 
=K3FeC,,Nfi  +  KCl.  The  reaction  is  due  to  the  ferrous  salt  being 
changed  by  the  action  of  the  chlorine  into  a  ferric  salt.  It  separates 
from  solutions  in  anhydrous,  finely-formed  prisms  of  a  red  colour,  bat 
the  solution  has  an  olive  colour  ;  in  100  parts  of  water,  at  10%  37 
parts  of  the  salt  are  dissolved,  and  at  100°  78  parts.'®  The  red  pros- 
siatft  gives  a  blue  precipitate  with  ferrous  salts,  called  TumbtUrs  blue^ 
very  much  like  prussiau  blue  (and  the  soluble  blue),  because  it  also 
contains  ferrous  cyanide  and  ferric  cyanide,  altliough  in  another  propor- 

in  both  the  ferric  and  ferrous  states.    With  ferrous  chloride  it  forms  prussian  blue,  and 
with  ferric  chloride  Tumbnll's  blue. 

Prussian  blue  was  discovered  in  the  be<^nning  of  the  past  century  by  a  Berlin 
manufacturer,  Diesbach.  It  was  then  prepared,  as  it  sometimes  is  also  at  present, 
directly  from  potassium  cyanide  obtained  by  heating  animal  charcoal  with  potaaaiam 
carbonate.  The  mass  thus  obtained  is  dissolved  in  water,  and  alum  is  added  to  tha 
solution  in  order  to  saturate  the  free  alkali,  and  then  a  solution  of  green  vitriol  is  added 
which  has  previously  been  sufficiently  exposed  to  the  air  to  contain  both  ferric  and 
ferrous  salts.  If  the  solution  of  potassium  cyanide  is  mixed  with  a  solution  containinf 
both  salts,  Prussian  blue  will  be  formed,  because  it  is  a  compound  of  ferrous  cyanide, 
FeC.jNa,  and  ferric  cyanide,  Fe^CcN^.  A  ferric  salt  with  potassium  ferrocyanide  fonnt 
a  blue  colour,  because  ferrous  cyanide  is  obtained  from  the  first  salt  and  ferric  cyanide 
from  the  second.  During  the  preparation  of  this  compound  alkali  must  be  avoided,  M 
otherwise  the  precipitate  would  contain  oxides  of  iron.  Prussian  blue  has  not  a  crystal- 
lino  Ktructure ;  it  forms  a  blue  mass  with  a  copper- red  metallic  lustre.  Both  acids  and 
alkalis  act  on  it.  The  action  is  at  first  confined  to  the  ferric  salt  it  contains.  Thai 
alkalis  form  ferric  oxide  and  ferrocyanide  in  solution:  QFe^CeNQfSFeCjNQ  +  13KH0 
=  2(Feo03,3H.jO)  +  3K4FeC(jNc.  Various  ferrocyanides  may  be  thus  prepared.  ProssiaB 
blue  is  soluble  in  an  aqueous  solution  of  oxalic  acid,  forming  blue  ink.  In  air,  when 
exposed  to  the  action  of  light,  it  fades;  but  in  the  dark  again  absorbs  oxygen  and 
becomes  blue,  which  fact  is  also  sometimes  noticed  in  blue  cloth.  An  excess  of  potaasinm 
ferrocyanide  renders  prussian  blue  soluble  in  water,  although  insoluble  in  various  saline 
solutions — that  is,  it  converts  it  into  soluble  blue.  Strong  hydrochloric  acid  likewise 
dissolves  prussian  blue. 

^  Much  chlorine  must  not  be  taken  in  preparing  this  compound,  otherwise  the  reaction 
goes  further.  It  is  easy  to  find  when  the  action  of  the  chlorine  on  potassium  ferrocyanide 
must  c«ase ;  it  is  only  necessary  to  take  a  sample  of  the  liquid  and  add  a  solution  of  a 
ferric  salt  to  it.  If  there  is  a  precipitate  of  prussian  blue  formed,  then  more  chlorine 
must  be  added,  as  there  is  still  some  undecomposed  ferrocyanide,  because  the  ferricyanide 
does  not  give  a  precipitate  with  ferric  salts.  Potassium  ferricyanide,  as  well  as  the 
ferrocyanide,  easily  exchanges  its  potassium  for  hydrogen  and  various  metals  by  double 
decomposition.  "With  the  salts  of  tin,  silver,  and  mercury  it  forms  yellow  precipitates, 
and  with  those  of  uranium,  nickel,  cobalt,  copper,  and  bismuth  brown  precipitates.  The 
lead  salt  under  the  action  of  sulphuretted  hydrogen  forms  lead  sulphide  and  a  hydrogen 
Stilt  or  acid,  H-.FeC^Nu,  corresponding  with  potassium  ferricyanide,  which  is  soluble, 
crystallises  in  red  needles,  and  resembles  hydroferrocjranic  acid,  H4FeCeNQ.  Under  the 
action  of  reducing  i^ents— for  instance,  sulphuretted  hydrc^en,  copper — j^tassium  ferri- 
cyanide is  changed  into  ferrocyanide,  especially  in  the  presence  of  alkalis,  and  thus 
forms  a  rather  energetic  oxidiHng  agent — capable,  for  inatance,  of  changing  manganoaa 
oxide  into  dioxide. 
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tion,  being  thus  formed  ;  3FeClj  +  2K:jFeC6Nr,=GKCl  +  F6,Pe,C,sN|„ 
or  3FeC.iNj,FejCjNc>  whilst  in  Prusaian  bluo  we  hiive  Fe,Cy,a,  and 
here  FejCyij.  A  ferric  salt  ought  to  form  ferric  cyanide,  FejCgN^, 
with  red  prussiate,  but  ferric  cyanide  is  soluble,  and  therefore  there  is 
no  precipitate,  and  the  liquid  only  becomes  brown.^' 

If  ohlorine  and  sodium  are  representatives  of  independent  groups 
of  elements,  the  same  may  also  be  sjiid  of  iron.  Its  nearest  analogues 
alone  ehow,  besides  a  similarity  in  character,  a  likeness  as  regards 
physical  properties  and  a  proximity  in  atomic  weight.  Iron  occupies  a 
medium  position  amongst  its  nearest  aniilogues,  both  with  resjiect  to 
properties  and  faculty  of  forming  saline  oxides,  and  also  as  reganis 
atomic  weight.  On  the  one  hand,  cobalt,  58,  and  nickel,  59,  approach 
iron,  56  ;  they  are  metals  of  a  more  basic  character,  they  do  not  fomt 


a  Hries  of  readily  crjstnUiubU  salts  tormiid  by  llie 
a  atid  other  ferrocjuiidei  *nd  feiriiiyiuiideB.  Theee 
■ulta  uoDtiJn  tbe  olementH  of  nitric  oxide,  anil  me  tberefora  called  nitni-{itilToio) 
ferricyanida  Inttropranidei),  Most  often  a  crjalalline  sodiaiu  Bait  ia  oLtoJoed, 
Na,FeCtNaO,2B,0.  In  it>  compoBlllon  tliia  salt  differs  from  the  red  sudinm  wit, 
A'aoFeC^fl,  by  the  fact  that  in  It  one  molecule  of  sodium  cyanide.  NaCN,  is  replaced  by 
nitric  oiide,  NO.  In  order  to  prepare  It,  palassiom  ferrocfanido  iu  powder  oiQBt  be 
mixed  with  five-sercntlis  of  ita  weight  of  nitiis  acid  mixed  with  an  eqnal  voltune  of 
water.  The  uixture  i«  at  first  left  at  the  ordinary  temperature,  and  then  heated  in  a 
water-bath.  Here  ferricyanide  is  first  of  all  formed  (as  aliown  by  the  liquid  giring  • 
precipitate  with  ferrous  chloride),  which  thea  disnppeara  (no  precipitate  with  temnit 
chloriile),  and  forms  a  green  precipitate.  The  liquid,  when  cooled,  deposits  crystals 
of  nitre.  The  liquid  is  then  struncd  oS  and  mixed  with  sodium  carbonate,  boiled, 
filtered,  and  eraporated ;  sodium  nitrate  and  the  salt  described  are  deposited  in  crystals. 
It  sepamtea  in  prisms  of  a  red  colour.  Alkalis  and  salts  of  the  alkaline  earthsdo  not 
giTe  precipitates ;  they  are  solohle,  bat  the  snltfl  of  iron.  linc.  copper,  and  silver  form 
preoipitalca  where  sodium  is  exchanged  with  these  metala.  It  is  remarkable  that  the 
sBlphidcw  of  the  alkali  metals  give  witli  this  suit  an  intense  bright  purple  coloration. 
This  series  of  compounds  was  dis,.-overed  by  G-melin  and  studied  hj  Playtair  and  others 
(1M»). 

This  series  to  a  certain  extant  resembles  the  nitro-salphide  series  described  by 
Booaaio.  Here  the  primary  compoond  conuats  of  black  crystals,  which  are  Ihni 
obtaiued :— SelntioDS  of  potasuum  hydrosulph  ido  and  nitrite  are  mixed,  and  the  iniitmrM 
is  agitated  whilst  ferric  cliloiide  is  added.  th«u  boiled  and  filtered :  on  cooling,  blaet 
eryilaU  are  deposited,  baiiog  tbe  compoaition  F<i,3||NO),o,H,0  IRosenberg),  or.  accord- 
ing to  Demel,  FeNOi,NH,S.  They  have  a  slightly  metallio  lustre,  and  are  soloble  in 
water,  alcohol,  and  ether.  They  absorb  the  latter  oa  easily  a*  calcium  chloride  absorbs 
water.  In  the  preaence  of  alkalis  these  cryBtnls  remain  unchanged,  but  with  acids  they 
•Tolve  nitric  oiidaa.  It  is  affirmed  that  tbere  are  several  aompouuds  which  are  capable 
of  iotefthauging,  and  correspond  with  Roussits's  salt.  Here  we  enter  into  tJie  series  of 
the  nitrogen  oomponnds  which  hare  been  as  yet  but  little  iniresIi|{Btcd.  and  will  most 
prabablir  in  time  form  most  instructire  malfrinl  for  sladying  the  nature  of  that  element. 
These  series  o(  componndii  are  as  unlike  the  usual  saline  comiHiauds  of  inorganic  cbe- 
miatry  as  are  organii:  bydrocarbona.  There  is  no  necessity  to  describe  these  series  in 
detail,  b-wamie  their  connection  with  other  compounds  is  not  yet  clear,  and  they  have 
not  yet  any  application;  but,  all  thu  same,  their  luvcstigation  gires  promise  of  opening 
•Bt  otbei  realma  ol  kuawledga  in  Ibe  Intare  of  chnmirttj. 
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stable  acids  or  higher  degrees  of  oxidation,  and  are  a  transition  to 
copper,  63,  and  zinc,  65.  On  the  other  hand,  manganese,  65,  and 
chromium,  52,  are  the  nearest  to  iron  ;  they  form  both  basic  and  acid 
oxides,  and  are  a  transition  to  the  metals  possessing  acid  properties. 
In  addition  to  having  atomic  weights  approximately  alike,  chromium, 
manganese,  iron,  cobalt,  nickel,  and  copper  have  also  nearly  the  same 
specific  gravdty,  so  that  the  atomic  volumes  and  the  molecules  of  their 
analogous  compounds  are  also  near  to  one  another  (see  table  at  the 
beginning  of  this  volume).  Besides  this,  the  likeness  between  the 
above-mentioned  elements  is  also  seen  from  the  following  : 

They  form  suboxides,  RO,  fairly  energetic  bases,  isomorphous  with 
magnesia — for  instance,  the  salt  RS04,7H.^O,  akin  to  MgSO^,7HjO, 
and  FeS04,7H20,  or  to  Sulphates  containing  less  water ;  with  ftlkali 
sulphates  all  form  double  salts  crystallising  with  6HaO ;  all  are  capable 
of  forming  ammonium  salts,  &c. 

The  lower  hydroxides,  in  the  cases  of  nickel  and  cobalt,  are  fairly 
stable,  are  not  easily  oxidised  (the  nickel  compound  with  more  difficulty 
than  cobalt,  a  transition  to  copper) ;  with  manganese,  and  especially 
with  chromium,  they  are  more  easily  oxidised  than  with  iron  and  pacs 
into  higher  oxides. 

They  also  form  oxides  of  the  form  R.^Oa,  and  with  nickel,  cobalt, 
and  manganese  this  oxide  is  very  unstable,  and  is  more  easily  reduced 
than  ferric  oxide  ;  but,  in  the  case  of  chromium,  it  is  very  stable,  and 
forms  the  ordinary  kind  of  salts.  It  is  isomorphous  with  ferric  oxide, 
forms  alums,  is  a  feeble  base,  &c.  Chromium  and  manganese  are  more 
easily  oxidised  with  alkali  and  oxygen  than  iron  is,  forming  salts  like 
potassium  ferrate  ;  but  cobalt  and  nickel  are  difficult  to  oxidise,  their 
acids  are  not  known  with  any  certainty,  and  are,  in  all  probability, 
still  less  stable. 

If  compounds  R^Clg  are  formed,  they  are  volatile  like  FejClg.  The 
cyanogen  compounds,  especially  for  manganese  and  cobalt,  are  very  near 
akin  to  the  corresponding  ferrocyanides. 

The  oxides  of  nickel  and  cobalt  are  more  easily  reduced  to  metal 
than  those  of  iron,  but  those  of  manganese  and  chromium  are  not  re- 
duced so  easily  as  iron,  and  the  metals  themselves  are  not  easily 
obtained  in  a  pure  state ;  they  are  capable  of  forming  varieties 
resembling  cast  iron. 

The  metals  have  a  grey  iron  colour  and  are  very  difficult  to  melt, 
but  nickel  and  cobalt  can  be  melted  in  the  reverberatory  furnace  and 
are  more  fusible  than  iron,  whilst  chromium  is  more  difficult  to  melt 
than  platinum  (Deville). 

When  incandescent  these  metals  decompose  water,  but  with  greater 


IBON,   COBALT,   AND  NICKEL  385 

difGcuIt)'  as  the  atomic  weight  rises,  forming  a  transition  to  copjicr, 
which  does  not  decompose  water.  , 

All  the  compouuda  of  these  metals  have  viirious  colours,  which  are 
sometimes  very  briglit,  espei;ia!!y  in  the  higher  stages  of  oxidation. 

Theae  metals  of  tlie  iron  group  are  oft«n  met  with  together  in 
nature.  Mangaaeae  nearly  everywhere  accompanies  iron,  and  iron  is 
always  an  ingredient  in  the  ores  of  manganese.  Chromiuni  ia  found 
principally  as  chrome  ii-onatone—  that  is,  a  peculiar  kind  of  magnetic 
oxide  where  Fe^Oj  is  replaced  by  Cr^Oj. 

Nickel  and  cobalt  are  the  same  inseparable  companions  aa  iron  and 
manganese.  The  similarity  between  them  even  extends  to  such 
remote  properties  as  magnetic  qualities.  In  this  series  of  metals  we 
tind  those  which  are  the  most  magnetic :  iron,  cobalt,  and  nickel. 
There  is  even  a.  magnetic  oside  among  the  chromium  compounds,  such 
as  is  unknown  in  the  other  series.  Nickel  easily  becomes  passive  in 
strong  nitric  acid.  It  absorbs  hydrogen  in  just  the  same  way  as 
iron. 

In  nature  cobalt  ia  principally  found  in  combination  with  arsenic 
and  sulphur.  Cobalt  arsenide,  or  cobalt  spfiea,  CoAsj,  is  found  in 
brilliant  cryatals  of  the  regular  system,  principally  in  Saxony.  Cobalt 
glance,  CoAs,Co9j,  resembles  it  very  much,  and  also  belongs  to  the 
regular  system  ;  it  is  found  in  Sweden,  Norway,  and  the  Caucasus. 
Kv,jjfemickel  is  a  nickel  ore  in  combination  with  arsenic,  but  of  a 
different  composition  from  cobalt  arsenide,  having  the  formula  NiAs  ; 
it  is  found  in  Bohemia  and  Saxony.  It  has  a  copper  red  colour  and  is 
rarely  crystalline;  it  is  so  called  because  the  miners  of  Saxony  first 
mistook  it  for  an  ore  of  copper  {kupj'tr),  but  were  unable  to  extract 
copper  fiTira  it.  Nickel  glance,  NiSj,Ni  Asj,  corresponding  with  cobalt 
glance,  is  also  known.  Nickel  accompanies  the  ores  of  cobalt  and 
cobalt  those  of  nickel,  so  that  they  are  common  companions.  The 
ores  of  cobalt  are  worked  in  the  Caucasus  in  the  Government  of 
Eliiavetopolsk.  Nickel  ores  formed  by  aqueous  hydrated  nickel  silicate 
are  found  in  the  Ural  (Revdansk).  Large  quantities  of  a  similar  ore 
are  exported  into  Europe  from  New  Caledonia,  Both  contain  about 
12  per  cent,  of  Ni.  Cobalt  is  principally  worked  up  into  cobalt  com- 
pounds, but  nickel  is  generally  reduced  to  the  metallic  state,  which  is 
now  often  used  for  alloys — for  instance,  for  coinage  in  many  European 
States,  and  for  plating  other  metals,  tjecnuse  it  does  not  oxidise.  Cobalt 
arsenide  and  cobalt  glance  are  principally  used  for  the  preparation  of 
cijbalt  compounds ;  they  are  first  sorted  by  discarding  the  rocky 
matter,  and  then  roasted.  During  this  process  most  of  the  sulphur 
and  arsenic  disappear ;    the  arsenious  anhydride  volatilises  with  the 
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snlphnrous  anhydride  and  the  metal  also  oxidises.^'  Hairing  nickd 
oxide  and  cobalt  oxide  it  is  easy  to  obtain  the  metals  themselves.  In 
Older  to  do  this  solutions  of  their  salts  are  treated  with  sodium 
carbi>nate  and  the  carbonates  precipitated  are  heated ;  the  suboxides 
are  thus  obtained,  and  these  latter  are  reduced  in  a  stream  of 
hydrogen,  or  even  by  heating  with  ammonium  chloride.  They  easily 
oxidise  when  in  the  state  of  powder.  When  the  chlorides  of  nickd 
and  ci^balt  are  heated  in  a  stream  of  hydrogen,  the  metal  is  deposited 
in  brilliiint  scales.  Nickel  is  always  much  more  easilt/  and  quickly 
fYt/iicec/  than  cobalt.  Nickel  melts  more  easily  than  cobalt,  and 
this  even  famishes  a  means  of  testing  the  heating  powers  of  a 
roverberatory  furnace.     Cobalt   fuses  at  a  temperature  only  a  littie 

^  The  residue  from  the  roasting  of  cobalt  ores  is  called  zaffre^  and  is  often  met  with 
in  ci^nimerce.  From  this  the  purer  coinx>ounds  of  cobalt  may  be  prepared.  The  ores  of 
nickel  are  also  first  roasted,  and  the  oxide  dissolved  in  acid,  nickelous  salts  being  Uien 
obtained. 

Tlie  farther  treatment  of  cobalt  and  nickel  ores  is  facilitated  if  the  arsenic  can  be 
almost  entirely  removed,  which  may  be  effected  by  roasting  the  ore  a  second  time  with  a 
small  addition  of  nitre  and  sodinm  carbonate ;  the  nitre  combines  with  the  arsenic 
forming  an  arsenions  salt,  which  may  be  extracted  with  water.  The  remaining  man  ii 
dissolved  in  hydrochloric  acid,  mixed  with  a  small  quantity  of  nitric  acid.  Copper,  iron, 
manganese,  nickel,  cobalt,  drc,  pass  into  solution.  By  passing  hydrogen  sulphide 
through  the  solution,  copper,  bismuth,  lead,  and  arsenic  are  deposited  as  metallic  sul- 
phides ;  but  iron,  cobalt,  nickel,  and  manganese  remain  in  solution.  If  an  alkaline  soln- 
tion  of  bleaching  powder  be  then  added  to  the  remaining  solution,  the  whole  of  tlie 
manganese  w  ill  first  be  deposited  in  the  form  of  dioxide,  then  the  cobalt  as  hydrated 
cobaltic  oxide,  and  finally  the  nickel  also.  It  is,  however,  impossible  to  rely  on  thi^ 
effecting  a  complete  subdivision,  because  the  higher  oxides  of  the  three  above-mentioned 
metaln  have  all  a  black  colour ;  but,  after  a  few  trials,  it  will  be  easy  to  find  how  much 
bleaching  powder  is  required  to  precipitate  the  manganese,  and  the  amount  which  will 
precipitate  all  the  cobalt.  The  manganese  may  also  be  removed  by  precipitation  from  a 
mixture  of  the  solutions  of  both  metals  (in  the  form  of  the  *  ous '  salts)  with  ammoninm 
sulphide,  and  then  treating  the  precipitate  with  acetic  acid  or  dilute  hydrochloric  acid, 
in  which  manganese  sulphide  is  easily  soluble  and  cobalt  sulphide  almost  insoluble. 
Further  particulars  relating  to  the  sepauration  of  cobalt  from  nickel  may  be  found  in 
treatises  on  analytical  chemistry.  In  practice  it  is  usual  to  rely  on  the  rough  method  of 
sepiiration  founded  on  the  fact  that  nickel  is  more  easily  reduced  and  more  difficult  to 
oxidise  than  cobalt. 

In  industry,  rather  impure  cobalt  compounds  are  often  used,  which  are  converted 
into  smalt.  This  is  glass  containing  a  certain  amount  of  cobalt  oxide  ;  the  glass  acquires 
a  bright  blue  colour  from  this  addition,  so  that  when  powdered  it  may  be  used  as  a  blue 
pigment ;  it  is  also  unaltered  at  high  temperatures,  so  that  it  used  to  take  the  plate 
now  occupicMl  by  prussian  blue,  ultramarine,  itc.  At  present  smalt  is  almost  exclusiyely 
used  for  colouring  glass  and  china.  To  prepare  smalt,  ordinary  impure  cobalt  ore  i« 
taken— /.r.  zafTre — which  is  put  into  a  crucible  with  quartz  and  potassium  carbonate.  A 
fused  muss  of  cobalt  glass  is  thus  formed,  containing  silica,  cobalt  oxide,  and  i>otassiain 
oxide,  and  a  metallic  mass  remains  at  the  bottom  of  the  crucible,  containing  almost  all 
the  oihor  metals,  arsenic,  nickel,  copper,  silver,  Ac.  This  metallic  mass  is  called  «pWM, 
and  is  used  as  nickel  ore  for  the  extraction  of  nickel.  Smalt  usually  contains  70  p.c.  of 
silica,  20  p.c.  of  potash  and  soda,  and  about  6  to  G  p.c.  of  cobaltous  oxide ;  the  remainder 
consisting  of  other  metallic  oxides. 
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lower  than  does  iron.  In  general,  cobalt  ie  nearer  to  iron  thiin  n 
nickel  being  nearer  to  copper.  Both  nickel  and  cobalt  have  i 
netio  properties  like  iron,  but  more  feeble.  The  specific  gravity 
of  nickel  reduced  by  hydrogen  is  O'l  and  that  of  cobalt  8 
cobalt  has  a  specific  gravity  of  8'5,  the  density  of  ordinary  nickel  being 
almost  the  same.  Nickel  has  a  greyish,  silvery  white  colour  ;  it  is 
brilliant  and  very  ductile,  so  that  the  finest  wire  may  be  easily  drav 
from  it.  Tliis  wire  lins  a  resistance  to  tension  equal  to  i 
The  beautiful  colour  of  nickel,  and  the  high  polish  which  it  is  capable 
of  receiving  and  retaining,  as  it  does  not  oxidise,  render  it  a  useful 
metal  for  many  purposes.  It  is  now  A-ery  common  to  cover  other 
metals  with  a  layer  of  nickel  (nickel  plating).  This  is  done  by  a  pro- 
cess of  electro- plating,  using  a  solution  of  a  nickel  salt.  The  colour  of 
cobalt  is  darker  and  redder  ;  it  is  also  ductile,  and  has  a  greater  tensile 
resistance  than  iron.  Dilute  acids  act  very  slowly  on  nickel  and  cobalt ; 
hydrochloric  and  aulphuric  acids,  even  when  diluted,  dissolve  tJiese 
metals,  but  nitric  acid  may  be  considered  as  the  best  solvent  for  them. 
The  solutions  in  every  case  contain  salts  corresponding  with  the  ferrous 
salts — that  is,  of  the  composition  RX^. 

The  most  ordinary  compounds  of  cobalt  and  nickel  are  the  aallt, 
CoXj,  NiXi,  cnrretpnnding  with  the  suhoxides  of  these  metals.  These 
salts  are  similar  to  the  magnesium  salts.  The  salts  of  nickel  in  aa 
aqueous  condition  havea  green  colour,  and  form  bright  green  solutions, 
but  in  the  anhydrous  state  they  most  frequently  have  a  yellow  colour. 
The  salts  of  cobalt  are  generally  rose-coloured,  and  sometimes  blue  when 
in  the  anhydrous  state.  Their  aqueous  solutions  are  rose-coloured. 
Cobaltous  chloride  is  easily  soluble  in  alcohol,  and  forms  a  solution  of 
B  blue  colour.'* 


^  TbU  cliiui(:e  nf  colour  in  cobiJt  chloride  has  been  Blrendy  Kllnded  %o  (Vol.  L  p.  04). 
The  ehiiage  of  vnlimr,  uXDrding  to  Home,  U  dependeat  on  the  combiustian  witL  watec, 
ftod  ftccordjng  to  olbera  on  polymeric  traD^DnuA.bion.  It  en&bleB  a  solution  of  cnbult 
ohloride  to  be  Qsed  ui  eymprntbelic  ink.  Ti  flumetliing  be  vritten  witb  cobalt  chloride  on 
white  pnpeTt  it  will  be  invisible  on  Aceoant  oF  the  fuebtti  colour  of  the  solution,  and  tFhen 
dij  nothing  can  be  diatingniihed.  tf,  hovreTer,  tb«  paper  he  heated  before  the  fire,  the 
MMW-coloniw]  lalt  will  be  changed  into  the  anbydroBH  blue  Half,  and  thu  writing  will 
become  quite  riuble,  but  fade  awa;  again  when  cool- 
Nickel  suljihata  orjstaJliitey  irom  neutral  aoluliouH  at  a  temperature  of  from  IS'  to  30° 
-inTttafttbic  cryatalfl  containing  7H^0.  ItH  form  approaches  very  closely  \o  that  of  the 
■alta  of  lino  and  magneuom.  The  plane»  of  a  vertical  prism  tor  magnesium  salts  lire 
ineliaed  nt  an  nnglo  of  H0°  80',  for  lino  aaltB  at  an  uigle  of  01°  T,  and  tor  nickel  ults  at 
•n  iiiiBlaol  Ul"  10'.  8aeh  is  aluj  the  form  of  th«  linc  and  tnagneaium  seleuates  and 
ohnmute*.  Cobalt  Ba1phat«  containing  7  molecules  of  water  is  deposited  in  crystole 
of  Iha  ffunvocJtnjV  syftt^n,  like  the  corresponding  salts  of  iroti  andmAuganew.  Theai^gle 
of  a  vertical  prism  for  Ifae  iron  salt  ^sr  20',  tor  cobalt  -ivi^  i-i\  and  [lie  iudination  of 
the  horiiHintBl  pinacoid  to  the  vertical  prism  for  the  iron  ealt  =W  3',  and  for  the  cobalt 
VOL.    II.  Z 
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If  a  sc^ntion  of  potMsinm  hydroxide  is  added  to  a  solntioii  of  a 
cobalt  salt,  a  bine  precipitate  of  the  basic  salt  wiU  be  formed.     If  a 
solution  of  a  cobalt  salt  is  heated  almost  to  the  boiliiig>po]iit»  and  the 
boiling  solution  be  mixed  with  a  boiling  solution  of  an  alkali  hydroxide, 
»  pink  precipitaU  of  ccbalUms  hydroxide^  CoH^O^  will  be  formed. 
If  the  presence  of  air  be  not  completely  excluded  during  the  precipita- 
tion by  boiling,  the  precipitate  wiD  also  contain  brown  oobaltic  hydrox- 
ide formed  by  the  further  oxidation  of  the  cobaltous  oxide.     Under 
snuilar  circumstances  nickel  salts  form  a  ^reen  preeipiiaie  of  nickekmi 
hydroxide,  the  formation  of  which  is  not  hindered  by  the  presence  of 
ammonium  salts,  but  in  that  case  only  requires  nKffe  alkali  to  com- 
pletely separate  the  nickel.     The  nickelous  oxide  obtained  by  heating 
the  hydroxide,  or  from  the  carbonate  or  nitrate,  is  a  grey  powder, 
easfly  soluble  in  acids  and  easOy  reduced,  but  the  same  substance  may 
be  obtained  in  the  crystalline  form  as  an  ordinary  product  from  the 
ores  ;  it  crystallises  in  regular  octahedra,  with  a  metallic  lustre,  and  is 
of  a  g^y  colour.      In  this  state  the  nickelous  oxide  almost  resistB  the 
action  of  acids. 

It  is  remarkable  to  note  the  relation  of  the  cobaltous  and  nickeloos 
hydroxides  to  ammonia  ;  aqueous  ammonia  dissolves  the  precipitate  of 
nickelous  hydroxide.  The  blue  ammoniacal  solution  of  nickel  re- 
sembles the  same  solution  of  cupric  oxide,  but  has  a  somewhat  reddish 

aalt  99^  86*.  AH  the  isomorphoos  mixtmes  of  the  salts  of  mAgnesiiim,  irotx^  oolwlt, 
nickel,  and  maagmnefle  hare  the  same  fonn  if  thej  contain  7  moL  H^O ;  and  if  ii«i  or 
eobalt  predominate,  if  there  is  an  abundance  of  magneeiom,  sine,  or  nickel,  then  tlM 
crvstalH  hare  a  rhombic  form  like  magnesiom  snlphate.  Therefore,  these  sulphates  are 
dimcnrphcua,  bnt  for  some  the  one  form  is  more  stable  and  for  others  the  othn*.  Brooke, 
Moss,  Mitscherlich,  Rammelsberg,  and  Marignac  hare  explained  these  relatioas.  Brooke 
and  Mitscherlich  also  soppoeed  that  NiS04,7H30  is  not  onlj  capable  of  ftiwuiming  these 
forms,  bnt  also  that  of  the  tetragonal  system,  becaose  it  is  deposited  in  this  fonn  £raoi 
acid,  and  especially  from  slightly-heated  solotions  (80^  to  40^.  Bat  Marignac  deoMB- 
strated  that  the  tetragonal  crystals  do  not  contain  7,  hot  6,  molecules  of  water,  NiSO4,eB[]0. 
He  also  obserred  that  a  solution  eTaporated  at  50°  to  70^  deposits  monoclinic  crystals,  but 
of  a  different  form  from  ferrous  snlphate,  FeSOfjELjO — ^namely,  the  angle  of  the  prism  is 
71°  52',  that  of  the  pinacoid  95^  ^.  This  salt  appeared  to  be  the  same  with  6  mdecnles 
of  water  as  the  tetragonal.  Marignac  also  obtained  magnesivn  and  sine  salts  with 
6  molecnies  of  water  by  eraporating  their  solutions  at  a  more  elevated  tempsEratore,  and 
these  salts  were  found  to  be  isomorphoos  with  the  monoclinic  nickel  salt.  In  additioa  to 
this  it  must  be  observed  that  the  rhombic  crystals  of  nickel  snlphate  with  7H9O  beoome 
tnrbid  under  the  influence  of  heat  and  light,  lose  water,  and  change  into  the  tetngonsl 
aalt.  The  monoclinic  crystals  in  time  also  become  turbid,  and  change  their  stmctare, 
so  that  the  tetragonal  form  of  this  salt  is  the  most  staUe.  Let  us  also  add  thi^  nicbd 
sulphate  in  all  its  shapes  forms  very  beautiful  emerald  green  crystals,  which,  when  hnstoil 
to  280^,  assume  a  dirty  greenish-yellow  hue  and  then  contain  one  molecule  of  water. 

Kriiss  and  Schmidt  (1889)  recognise  in  the  usual  purified  salts  of  nickel  and  oobalt 
the  presence  of  a  particular  as  yet  uninvestigated  substance  (perhaps  alomina,  or 
nitrogen  compound  of  cobalt  or  nickel)  which  is  soluble  in  fused  caustic  alkali. 
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tint.  It  iii  characterised  by  the  fact  that  it  dissolves  silk  in  the 
eame  way  aH  thn  ammoniacal  cupric  oxide  dissolves  cellulose.  Ani- 
TDonia  likewise  dissolves  the  precipitate  of  cobaltous  hydroxide,  forming 
a  brownish  lit]uid,  which  beconiea  darker  in  air  and  finally  assumes  n 
bright  red  hue,  absorbing  oxygen.  Tlie  admixture  of  ammoniuiD  chloride 
prevents  the  pi-ecipitation  of  cobalt  salts  by  ammonia,  and  then,  if  am- 
monia be  added,  a  brown  solution  is  obtained  from  which,  as  in  the 
case  of  the  preceding  solution,  potassium  hydroxide  does  not  separate 
the  cobaltous  nxide.  Peculiar  compounda  are  produced  in  this  solution  ; 
they  are  comparatively  stable,  containing  ammonia  and  an  excess  of 
oxygen  ;  they  bear  the  name  cobaltoamine  and  cobaltiamine  salts.  They 
have  been  principally  investigated  by  Genth,  Frdmy,  and  Jbrgenson. 
Genth  found  that  when  a  cobalt  salt,  mixed  with  an  excess  of  am- 
monium chloride,  was  treated  with  anitiionia  and  exposed  to  the  air, 
aft«r  a  certain  lapse  of  time,  on  adding  hydrocldortc  acid  and  boiling, 
a  red  powder  is  precipitated  and  the  remaining  solution  contains  an 
orange  salt.  The  study  of  these  compounds  led  to  the  discovery  of  a 
whole  series  of  similar  salts,  some  of  which  correspond  with  particular 
higher  degrees  of  oxidation  of  cobalt.^*     Nickel  does  not  possess  this 

M  Tha  oobalt  Baits  may  be  diridBcl  into  t.t  least  the  tollcwiag  «ix  clitBBeii  ;— 

(a)  Ammonium  coball  laUs.v^icb  are  aimplj  direot  lompoundsof  ibepoballflmBiilt* 
CoX,  with  uDmonia,  similiu  to  vtuionH  atlier  compounila  of  tbe  s&tts  of  silcer,  copper,  and 
even  cidciom  and  magneainm,  with  unmonia.  They  aie  eanily  crystalliaei)  hvim  nn 
ammaniitcal  Hli]t[on,  and  have  a  pink  coloar.  Thus,  lor  instanre,  •then  cobaltous  chlo- 
ride in  solntian  io  mixed  with  aafScienl  ammonia  to  rediBaoWe  the  precipit«t«  Si«t 
formed,  octahedral  crystalu  are  deposited  which  Lave  a  composition,  CoClg^EiUD.ON&'i. 
These  salts  are  nothing  else  but  combinations  with  the  ammonia  of  crystaJtisation— it  tt 
may  be  thas  termed,  likening  them  in  this  way  to  combinations  with  the  water  of  crystal- 
lisation. This  similarity  is  sTident  both  From  theircompoaition  and  from  their  capability 
o(  giriDj;  off  ammonia  at  Tarioas  temperaturea.  The  most  important  point  to  observe  i« 
that  all  these  salts  contain  fl  molecoles  of  am.monia  to  1  atom  ot  cobalt,  and  this 
ammonia  is  held  in  fairly  stable  connection.     Water  decompoB«  these  salts. 

ib)  The  Bolntions  ol  the  aborc-mentioned  bsIIh  are  rendered  tarbid  by  the  action  of 
the  air  ;  they  abwrh  oiygen  and  become  coyered  with  a  cmst  of  oxycobatlamint  lallr. 
The  latter  are  sparingly  soluble  in  aqneOns  ammonia,  havs  a  brown  odIoot.  and  are 
ehancteriied  by  the  fact  that  with  warm  water  Ihey  enolve  oxi/gm,  fomins  ssltaol  Ihe 
tollDwinK  catSRory.  The  nitrate  may  be  taken  as  an  example  ot  this  kind  of  salt;  its 
oompotition  is  CoN,0„nXH:i,HiO.  It  differs  from  oobaltoas  nitrate,  CoCNOj},,  in  con- 
tuning  an  extra  atom  ot  otygen— that  is,  it  correepontla  with  cobalt  diniide.  Co<\,  in 
the  same  way  that  the  first  salts  correspondwitlicohnlloas  oxide;  they  contain  K,  and  not 
e,  molecoles  of  ammonia,  as  it  NEj  had  been  replaced  by  O. 

{e)  The  Ivleoeaballie  taJti  uro  thna  called  becanse  they  have  a  yeUow  (Intcns} 
colotir.  They  are  nbtaioed  from  the  salta  o(  the  first  kind  by  submitting  them  in  dilate 
solntion  to  the  action  of  the  air ;  in  thia  caae  salts  of  the  second  kind  are  not  formed, 
becanse  they  are  decomposed  by  an  excess  of  water,  with  the  erolatinn  of  oxygen  and  the 
formation  of  Inteocobaltic  salts.  By  tlm  action  ot  ammonift  the  salts  of  the  fifth  kind 
(roseocohaltic)  are  also  converted  into  lateocnbaltic  salts.  These  last-named  salts  gene- 
nllj  ccjatallite  readily,  and  have  a  jellow  oolonr  ;  they  are  comparatively  mnoh  more 
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|»i>^|^rt y  of  absorbing  the  oxygen  of  the  air  when  in  an  amtnonici^ 
M^lutiou.  In  order  to  understand  the  relation  of  nickel  it  is  important 
lo  oWorve  that  cobalt  more  easily  forms  a  higher  degree  of  oxidation — 
uauioly,  sesquioxide  of  cobalt^  cohaltic  oxide,  C02O3 — than  nickel,  in  the 

Ht Ablo  than  the  preceding  ones,  and  eren  for  a  certain  time  resist  the  action  of  boiling 
wuhtr,  l^oihng  aqueous  potash  liber  ite^  ammonia  and  precipitates  hydrated  cohaltic 
()\id(«,  (.\>.^03,dH.jO,  from  them.  This  shows  that  the  luteoobaltic  salts  correspond  in 
i\w  Hwww  measure  with  cohaltic  oxide,  CoiO^,  as  the  salts  of  the  first  kind  correspond  with 
( ohaltoUH  oxide,  and  those  of  the  second  kind  with  the  dioxide.  When  a  solution  d 
lutciH'obaltic  Bulphate,  Co3(S04)3,12NH3,-lH.jO,  is  treated  with  baryta,  barium  tulpbale 
\^  precipitated,  and  the  solution  contains  luteocobaltic  hydroxide,  which  is  soluble  in 
water,  is  powerfully  alkaline,  absorbs  the  oxygen  of  the  air,  and  when  heated  is  decom- 
posed, with  tlie  evolution  of  ammonia.  This  compound  therefore  corresponds  to  a  solutklti 
of  cohaltic  hydroxide  in  ammonia.  The  luteocobaltic  salts  contain  2  atoms  of  cobalt  ssd 
12  molecules  of  ammonia— that  is,  GNITs  to  each  atom  of  cobalt,  like  the  salts  of  the  firrt 
kind.  The  CoXj  salts  have  a  metallic  taste,  whilst  those  of  lutcocobalt  and  others  han 
a  pnrcly  saline  taste,  like  the  salts  of  the  alkali  metals. 

{d)  The  fuacocohaltic  salts.  An  ammoniacal  solution  of  cobalt  salts  acquires  a  brown 
colour  in  the  air,  due  to  the  formation  of  these  salts.  They  are  also  produced  by  the 
decomposition  of  salts  of  the  second  kind ;  they  crystallise  badly,  and  are  S3parated  froiD 
their  solutions  by  addition  of  alcohol  or  an  excess  of  ammonia.  When  boiled  they  give  Up 
the  ammonia  and  cohaltic  oxide  which  they  contain.  Hydrochloric  and  nitric  acids  giv« 
a  yellow  precipitate  with  these  salts,  which  turns  red  when  boiled,  forming  salts  of  the 
next  category.  The  following  is  an  example  of  the  composition  of  two  of  the  fu8C0> 
cohaltic  salts,  Co20(S04)2,8NH5,4H.20  and  CapCl4,8NH5,8H.,0.  It  is  evident  that  the 
fnscocobaltic  salts  are  ammoniacal  compounds  of  basic  cohaltic  salts.  The  normal  co- 
haltic sulphate  ought  to  have  the  composition  Ca^(SO|").^=Caj05,3SOj ;  the  simplest  baflo 
salts  will  be  CaiO:S04^o«Co.20.v2S03,  and  CaiO^lSO^)  =  €0.205,805.  The  fnscocobaltic 
salts  corresx)ond  with  the  first  type  of  basic  salts.  They  are  changed  (in  concentrate^ 
solutions)  into  oxycobaltamine  salts  by  absorption  of  one  atom  of  oxygen,  Co.j02(S04)f. 
The  whole  process  of  oxidation  will  be  as  follows :  first  of  all  Ca^Xj,  a  cobaltous  salt,  is 
in  the  solution  (X  a  univalent  haloid,  2  molecules  of  the  salt  being  taken),  then  C02OX4, 
the  basic  cohaltic  salt  (4th  series),  then  CajO^X^,  the  salt  of  the  dioxide  (2nd  series).  The 
series  of  basic  salts  with  an  acid,  2HX,  forms  water  and  a  normal  salt,  Ca^Xe  (in  8,  6,6 
series).  7  hese  salts  are  combined  with  various  amounts  of  water  and  ammonia.  Unda 
many  conditions  the  salts  of  fuscocobalt  are  easily  transformed  into  salts  of  the  next 
series.  The  salts  of  the  series  that  has  just  been  described  contain  4  molecule  of 
ammonia  to  1  atom  of  cobalt. 

{e)  The  roseccobaltic  salts,  like  the  luteocobaltic,  correspond  with  the  normal  cobaltie 
salts,  but  contain  less  ammonia.  Thus  the  sulphate  is  obtained  from  cobaltous  sulphate 
dissolved  in  ammonia  and  left  exposed  to  the  air  until  transformed  into  a  brown  solution 
of  the  fuscocob.iHic  salt ;  when  this  is  treated  with  sulphuric  acid  a  crystalline  powder 
of  the  roseocobitltic  salt,  Co2(SO4)3,10NH5,5H.2O,  separates.  Tlie  formation  of  this  salt  is 
easily  understood  :  cobaltou-*  sulphote  in  the  presence  of  ammonia  absorbs  oxygen,  and 
the  solution  of  the  fuscocobaltic  salt  will  therefore  contain,  like  cobaltous  sulphate,  one 
part  of  sulphuric  acid  to  every  part  of  cobalt,  so  that  the  whole  process  of  formation  may 
be  expressed  by  the  equation:  10NH-  +  2CoSO,^  H.,S04  +  4H.jO-fO.  This  salt  fonnf 
tetrajjonal  crystals  of  a  red  colour,  slightly  soluble  in  cold,  but  readily  soluble  in  wmm 
water.  When  the  sulphate  is  treated  with  baryta  roseocobaltic  hydroxide  is  formed  in 
tlie  solution,  which  absorbs  the  carbonic  anhydride  of  the  air.  It  is  obtained  from  tha 
next  series  by  the  action  of  alkalis. 

(/)  The 2'urpurcccobaltic  salts  are  al^o  products  of  the  direct  oxidation  of  ammoni- 
acal solutions  of  cobalt  salts.  They  are  easily  obtained  by  heating  the  roseocobaltic  aalti 
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presence  of  hypochlorous  acid.  If  a  solution  of  a  cobalt  salt  be  mixed 
with  barium  carbonate  and  an  excess  of  hypochlorous  acid  be  added,  or 
chlorine  gas  be  passed  through  it,  then  at  the  ordinary  temperature 
on  shaking,  the  whole  of  the  cobalt  will  bo  separated  in  the  form  ui 


with  stiong  aci6t.  They  ue  to  all  effects  the  Hune  an  tbe  roiieocobnltic  salt's  '>i>1y  uihy- 
drauB.  Thus.,  lor  instuicc.  tLa  pttrpaTvoi.'ub&tlic  chloride,  Co,Cla.lON'H.t.  in  obtaineij  by 
boiling  the  otjcubnltsmine  galea  witli  unniunia.  Thoro  i>  tbe  ume  distiDction  between 
these  ults  and  the  preceding  ones  bb  bL-lween  tlie  vuiou9  compouudt  of  lubulboua 
cbluride  with  water. 

The  cobalbUDine  comixmnda  differ  bnt  little  eaaentiaUy  from  tbo  iunniom*»I  com- 
ponuds  of  other  loetalB.  The  oul^  diSereBce  is  that  here  tbe  cobultic  oxide  i»  obtiUHud 
from  the  cobaltoiiH  oiide  in  the  pFuiieuceaFunmauia.  Innnjcitte  it  in  a  aimpler  qaeetiuii 
than  that  oF  the  doable  cyanideH.  Those  forces  in  virtae  of  wkioh  «aoh  a  njniuder«ble 
number  ol  ammonia  moleoaleB  are  united  with  a  uiolecnU  of  a  cobalt  compound,  apper- 
tain oaluraUy  to  tbe  geries  of  those  slightly-inTesti gated  residual  af&nitiea  whiuh  eiiai 
even  in  the  highoHt  degrees  of  oombinstion  of  Eho  majority  ul  elements.  They  are  the 
aame  forces  which  lend  to  the  formation  of  compoondsoontaining  water  of  crysUdlisation, 
double  wits,  and  perhaps  also  isomorphous  miituies.  The  (umptest  conception,  aucord- 
ing  to  my  opinion,  ol  cobult  compounda  (much  more  so  thau  by  assuming  special  com- 
plex radicles,  like  SohilT,  Weltuin,  CUuh,  Uenning,  and  other*),  may  be  formed  by 
comparing  them  with  other  ammoniaoal  prodautp-  Ammonia,  like  water,  combined  in 
TaHons  proportions  with  a  multitude  of  Bobatanues,  Silver  eblorideand  oalcinm  ohloride, 
jut  like  oobatt  chloride,  absorb  ammonia,  form ingcompoanda  which  ore  (omelimeSHliglilly 
■table,  and  eauily  diaaociuted,  sometimes  more  stable,  in  exactly  the  <Hune  way  lU  water 
combines  with  certain  anbelances,  forming  fairly  Htsble  compounds  colled  hydroiides  or 
hydrates,  or  le<is  otable  compounds  which  are  called  compounds  with  water  ol  cryntelliso- 
tion.  Naturally,  the  faculty  of  forming  one  or  thd  other  coiuponnd  with  ammonia,  as  in 
the  case  of  water,  dejiandi  on  tbe  property  of  thoM  elements  which  enter  into  the  com- 
position ol  the  pven  aubetance,  and  on  those  kinds  o!  affinity  towards  which  chemista 
have  not  as  yet  turned  their  attention.  If  boron,  fluoride,  eilicon  fluoride,  Jic,  combine 
with  hydrofluoric  acid,  if  platinic  chloride,  and  orea  Gadmjum  chloride,  combine  with 
hydrochloric  acid,  thou  these  compounds  may  be  regarded  as  double  salts,  bocaow  acids 
ate  salts  of  hydrogen.  But  eiidently  water  and  aJnuionU  have  tlie  same  saline  faculty, 
mora  especially  as  they,  like  haloid  acids,  conloi  n  hydrogen,  and  are  both  capable  of 
further  combiuatioD — tor  inatance,  ammonia  with  hydrochloric  acid.  Therefore  it  ia 
simpler  to  compare  complex  ommouioceJ  compounds  with  double  salts,  hydrates,  nud 
■imilor  compoonda,  as  will  be  seen  in  the  descriptLon  of  the  componnda  of  platinum. 

Th*  ammonio-metaUic  talU  present  a  moat  decaloped  qualitative  and  qaontiUUve 
TMarmbUnoe  to  the  hydraled  talti  of  nutal:  The  composition  ol  the  latter  is  MX.TnHaO, 
■here  U"  metal.  X-the  haloid,  simple  or  complex,  and  m  and  n  the  quantity  al  tlio 
haloid  and  so-called  water  of  crystatlisation  combined  witb  the  salt.  Tbe  composition  ol 
the  aBUDOniscal  salts  of  metals  is  MX„inNHj.  The  water  ol  cryBtnllisatlon  ia  held  by 
ths  salt  Willi  more  or  leaa  stability,  and  some  salts  even  do  not  retain  it  at  all;  some 
part  with  water  eaaity  when  expoeed  to  the  air,  otfaers  when  heated,  and  then  with  diffi- 
culty. In  the  cose  ol  some  metale  all  the  salts  combine  with  water,  whilst  with  others 
only  a  lew,  and  tlie  water  so  combined  may  then  be  easily  disengaged.  All  thia  relers 
equally  well  to  the  ommouiacal  aalts,  and  therefore  the  combination  ol  ammonia  may  be 
termed  the  ammonia  of  crgilaHUalian.  A  coloorless,  aiibydrooa  cnpric  aall— for 
instance,  cupric  sulphate— when  oombined  with  walcr  forma  blue  and  green  salts,  and 
violet  when  combined  with  ammonia-  II  sl«am  be  poaaed  through  anhydrous  copper 
solphale  the  salt  absorbs  water  and  becomes  he  ited ;  if  antmouia  bo  substituted  for  the 
water  the  heating  becomes  much  more  inl«n»e,  nuil  the  aolt  break*  up  into  a  fine  violet 
powder-     With  water  CnBO„IJU,0  is   lormed,  and  with  ammonia  CuS0(,SNH3,   the 
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black  oobaltic  oxide  ;  SCoSO, +C1H0+ 2HjO=Coj03  +  2H  jSO,  +  Ha 
Uoder  these  circuit] stancea  nickelous  oxide  does  not  immediately  furm 
black  sosquioxide,  but  after  a  considerable  space  of  time  it  also  seps- 


nnmber  of  water  end  nmnioniiL  molecules  retained  by  the  anil  being  tl 
case,  uid  u  a  proof  of  tbU,  and  Ihal  it  it  not  bji  iaalated  oaiticideBCe,  Ihi;  remarkable  fact 
iniut  be  borne  in  mind  that  water  and  ammonia  conwcutivaly,  molecule  lor  motevnli, 
are  capable  of  supplanting  each  uther.  and  foraiing  the  compoaada  CaSO^itH/), 
Cn90,,4HjO.NHj;  CQ904,BHj0.aNHs ;  CnSO^,aH,0,BNHj ;  Ca80„Hj0.4NHt  id 
Ca80„ENHj.     The  last  of  these  uunipoundn  was  obtained  by  Henry  Boae,  and  myal- 

strong  Bolotion  of  cupiic  aulphale  anfficient  ammonia  to  diaaolvB  the  whole  of  (be  oiiii 
preeipitattidiiuid  then  adding  alcohol,  BeiielioB  obtained  Ihecompoand  CaSO^,0.4NH]i 
£iii.  The  Uw  of  Hubstitabion  alao  asuJEta  in  rendering  theae  pbenamBua  clearer,  beeun 
a  oonipound  of  ammonia  will  walet  forma  ammonium  bydroiide,  NHjHO,  and  tbenfin 
(hcHi  molecules  oombining  with  one  another  may  also  inteichuige,  as  being  at  equl 
value^  In  general,  those  aalts  form  stable  ammoniiwal  oomponnds  wbich  are  oapablft  of 
(ormiug  stable  compounds  with  water  of  cryaUltisatim  ;  and  as  ammonia  is  cajiable  cl 
t^ambiuing  witb  acids,  and  as  aome  of  the  halts  formed  by  slightly  energetic  bAeesin  Ibeir 
properties  more  cljeely  resemble  avida  (that  ia,  salts  of  hydrogen)  than  those  salt*  eu- 
tuning  more  energetio  basiw,  ve  might  therefore  expect  to  Hnd  more  stable  aDdB» 
eaaily-foimed  ajnmouio-metallid  aakt  with  metals  and  tbeii  oxides  bating  waalnr  Una 
properties  than  with  thoae  which  tocm  energetic  bases.  This  eipUuus  why  the  aalb  d 
potassium,  baHiuu,i:c.,  do  not  form  ammonio- metallic  salts,  whilst  the  salts  of  silvar,eot1«< 
zinc,  d:c^  do  form  them.  This  conaideiation  also  acconnta  for  the  gn'at  atability  of  Its 
anunoniacal  compounds  of  cupric  oxide  compared  with  silver  oxide,  because  the  fenniT 
in  dispkced  by  the  Intter.  It  also  eaablea  ns  to  see  clearly  the  diatinctian  which  MiW 
ill  the  stability  of  the  cubattauiine  aalts  containing  aalts  corresponding  with  c«1m1|i>» 
oxide,  and  thuae  aorreapouding  with  higher  oiideaot  cobalt,  becauas  the  latter  ar«  wMtar 
buBoa  than  cobaltoua  oiideB.  Thu  itatura  of  Ike  force)  and  qualiti/  uf  tht  ftuHtmna 
oraurriiig  iliiring  the  formation  o/the  moit  stable  lubitancef,  and  of  n   '  * 

«»  cri/ttallisabU  cuinpouitih,  are  otm  and  the  tame,  aUhough  mhibiira 
•Irffree.  This  may  be  coDdrmed  by  eiauuning  the  compotmds  of  carbi 
tbie  Bletnont  the  nature  of  the  torrea  acting  daring  the  fonnation  of  it) 
well  known.  Let  nstake  as  an  example  two  unstable  compoands  of  carbon.  Aet^ic^: 
C.jHjOj  (specific  graTitj  1-06|,  with  water  forma  the  hjdrate,  CaHjOhHiO.  denser  (I'Cn 
than  either  of  the  components,  but  unstable  and  easily  decomposed,  generally  diiwtlj 
rslerred  to  as  a  solution.  Snch  also  ia  the  cryat^line  compound  ot  oxalic  acid,  CtHtO* 
with  water,  C.jH,Oj.aH.,0.  Their  formation  might  be  predicted  as  iasuing  from  1^ 
hydrocarbon  C.jHe,  in  which,  aa  in  any  other,  the  hydmgen  may  be  exchanged  tor  chlariM 
the  water  reaidue  (bjdroxjH,  &e.  The  first  aobatitutiwi  product  with  hydroiyl,  C,Hj(BO). 
ia  stable  ;  it  can  be  distilled  without  alteration,  reaista  a  temperature  higfaer 
and  then  doea  not  give  off  water.  Thia  is  ordinary  alcohol.  The  aecond,  CjH,(HOI. 
can  also  be  distilled  without  change,  but  can  be  decomposed  into  water  and  C,H|0 
(etbylonu  onde  or  aldehyde] ;  it  boila  at  about  IBT",  whilat  the  Brat  hydrate  boili  at  Vf, 
a  difference  of  about  100".  The  coDiponnd  C^j(HO)i  will  be  the  third  product  ol 
Kubatitutinn ;  it  ought  to  boil  at  about  300°,  but  does  not  reaiat  this  t^tiiperature— 
lompoaes  into  H,0  and  CaHjOt,  where  only  one  hydroxyl  group  reniaiiia.  and  the 
part  of  oxygen  is  left  in  the  aame  condition  aa  ethylene  oxide,  C^^O.  There  ia  a 
of  this,  atycol.  CjH^tHO)^  boils  at  1ST°,  and  forms  water  and  ethylene  oxide,  wUA 
iMita  at  IS°  (aldehyde,  its  isomeridc,  boils  at  SI") ;  Uientfore  the  prodncl  diaengigad  ij 
llie  splitting  up  of  the  hydrate  boils  at  1H1°  lower  than  the  hydrate  C,H,(HO),.  Thl^ 
in  exactly  the  aame  way  the  hydrate  C.,B:,(HO)j,  whii^h  onght  to  boil  at  about  B00°,  s)  ~ 
ni>  into  water  and  the  product  C^HiOj,  wbich  boila  at  IIT^ — that  is,  nearly  ISB^  bmt 
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rates  in  the  form  of  aesquioxide,  but  always  later  than  cobalt.  This 
is  due  to  the  relative  difficulty  of  further  oxidatioii  of  the  uickelouB 
oxide.     It  is,  however,  possible  to    oxidiae    it ;  if,  for    instance,  the 

ttun  the  hydrate.  C.iHj(HO)s-  But  this  hfdnte  splits  up  before  diatilUtion.  Tbg 
Bibore-ineiilioned  hydrate  of  acetic  acid  ia  a  Bimilar  decumponable  hjdnte — that  ia  bo  uj, 
what  ii  ulled  a  solution.  Still  lesa  Htabtlity  ma;  be  expected  Croni  thefoUowing  hydrate*. 
CiHj(HO]i  alao  aplits  up  into  water  and  a  hydj^le  [it  oootaioB  two  hydroiyl  ((touiw) 
called  glycollio  acid,  C,HjO(HO),  =  CH^Oj.  This  noit  product  of  subBtitotion  will  be 
CjH(HO)i;  it  eplita  up  into  water,  HjO,  and  Blyoiylic  acid,  C,H,0,  (three  hydroiyl 
gtxjupa).  Tbe  laat  hydrate  which  ought  to  be  obtained  from  C^Hg,  and  ought  to  coutaln 
C9IHO),.  IB  a  cryataJline  compound  of  oxalic  acid,  CjHijO,  (two  hydraxyl  groapH),  and 
water,  aH,0,  which  has  been  mentioned  already.  The  hydrate,  C,(HO)«-C,H,0„aH,0, 
ought,  according  to  the  foregoing  reanoning,  to  boil  at  abont  BOO'  (becauae  the  hydrate, 
CjlI,(HO)i,  balU  at  about  900°,  and  the  HDbatitatioD  of  1  hydroxy]  groopa  for  4  atom*  of 
hydrogeo  will  raise  the  boiling-point  4(M°).  It  does  not  reaJBt  Uii>  temperature,  hut  at  a 
much  lower  point  splits  op  into  water,  30,0,  and  the  hydrate  C,03(U0)^  which  is  also 
oapabla  of  yielding  water.  Without  going  into  further  ccnaiderationa  on  this  subject,  it 
may  be  obMTved  that  the  formation  of  hydrates  cr  compounds  with  water  of  cryHtallisa- 
tiou  of  acetic  and  oxalic  acids  has  thus  receiTed  sn  acourate  explanation,  whiob  was  the 
point  we  desired  to  prove  in  affirming  that  componnds  with  water  of  oiystaJlisation  are 
held  together  hy  the  same  forces  as  those  which  act  in  the  formation  of  other  complex 
aubstances,  and  the  easy  dieplaceabilityof  the  water  of  crystalli Ration  is  only  a  peuuliarity 
of  a  completely  local  character,  and  not  the  chi-ef  and  radical  point  of  distinction,  AU 
the  above  mentioned  hydrates,  CS,,  or  producta  of  their  destruction,  are  octnalty  ob- 
tained by  the  oxidation  of  the  Sret  hydrate,  C3Hj(B0)i  or  common  alcobo!,  by  nitrio  acid 
{3okaloS  and  others). 

In  conclnaion,  it  may  be  observed  that  the  elements  of  the  eighth  group — that  is,  the 
analogue!  of  iron  and  platinum — according  to  my  opinion,  will  yield  must  fruitful  results 
when  studied  as  to  combinations  with  whole  molecules,  as  already  shown  by  tlie  example* 
of  complex  ammoniacal,  cyanogen,  nitro-,  and  other  compounds,  which  are  easily  fonoid 
in  this  eighth  group,  and  are  remarkable  for  their  stability.  This  faculty  of  the  element* 
of  the  eighth  group  for  forming  the  complex  oompounda  alluded  to,  is  in  all  probability 
connected  with  the  pogitioo  which  the  eighth  group  oocupies  with  regard  la  the  other*. 
Following  the  leientb.  which  forma  the  tyi«  BX7,  it  might  be  expected  to  contain  the 
most  complex  type.  BXg.  Thie  is  met  with  in  OaO,.  The  other  element*  of  the  eighth 
group,  however,  only  form  the  lower  types  RX,.  BXj,  BX4  ....  and  these  accordingly 
should  be  expected  to  complicate  theniselvee  into  the  higher  types. 

The  following  reaction  may  be  added  to  those  of  the  cobaltous  and  nichelona  salts; 
poiaasinm  cyanide  forms  a  precipitate  with  cobalt  salt*  which  is  soluble  in  an  exccas  of 
the  reagent  and  forms  a  green  wiintion.  On  beating  tbii  and  adding  a  certain  qaontity 
of  acid,  B  double  cobalt  ci/aniiie  is  formed  which  corresponds  with  potassium  ferricyanide. 
It*  formation  H  accompanied  with  the  eTolulion  of  hydrogen,  and  ie  founded  upon  the 
property  which  cobalt  ha*  of  oxidising  in  an  alkaline  eolation,  the  derelopment  of  wbicti 
ha*  been  obserted  in  aach  a  considerable  measure  in  the  oobaltainiue  salla.  The  process 
which  goes  QB  here  may  be  eipresKod  by  the  foUowiog  equation:  CoCjNg  +  iKCN  firat 
forma  CoK,C,N»,  wWch  salt  with  water,  H,0.  forms  potassium  hydroxide.  KHO, 
hydrogen,  H,  and  the  salt  E,CoC,Ne.  Here  nattually  the  presence  ot  the  acid  i«  indis- 
pensable in  Donoeqoance  ot  iti  being  repaired  to  combine  with  the  alkali.  From  aqoeous 
Bolutiuns  this  salt  crystallises  in  transparent,  hexagonal  prisma  of  a  yellow  colour,  easily 
Boluble  in  water.  The  reactions  of  doable  decomposition,  and  eren  the  (ormatioa  of  the 
corresponding  acid,  are  here  eomplclcly  the  same  ss  in  the  case  of  the  ferricyanide.  K 
a  nickeloo*  aatt  be  treated  in  precisely  the  eaide  manner  as  has  just  been  described 
lor  a  lall  of  uibalt,  dectuupoaitiou  will  occur. 
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it.  th^^  nickfrl  ciil<vide  vill  be  formed,  vbidi  is  solable  in  vttcr, 
and  iii^olabk  nickelic  oxide  in  the  form  of  a  black  precqritate: 
3NiH ,0,  •  a,=NiCl^ -r  Ni,0;.3H .0.  Nickelic  oxide  may  also  be  ob- 
tain^ by  adding  swiiizm  byp^.cb]«ite  mixed  with  alkali  to  a  solution  o£ 
a  nickel  aalt.  Xickelic  and  cobaltic  oxides  ihTdrated }  have  a  black  cdov 
and  exhibit  but  slight  tendency  to  combine  vith  acids^  nickelic  oxide 
up  to  the  present  time  not  having:  been  combined  with  any  acid,  sothit 
it  c^^rresponds  in  properties  with  manganese  dioxide.  It  actually 
evolves  oxygen  with  all  acids,  and  in  consequence  of  this  it  is  not  seps- 
rated  as  a  precipitate  in  the  presence  of  acids  :  thus  it  evolves  chlorine 
with  hydrochloric  acid,  exactly  like  manganese  dioxide.  When 
nickelic  oxide  is  dissolved  in  aqueous  ammonia  it  disengages  nitrogen, 
and  an  ammoniacal  solution  of  nickelous  oxide  is  formed.  When  heated 
nickelic  oxide  loses  oxygen,  fonning  nickelous  oxide.  Cobaltic  oxide, 
Cofii,  exhibits  more  stability  than  nickelic  oxide,  and  shows  feeble  basic 
properties ;  thus  it  is  dissolved  in  acetic  acid  without  the  evolution  of 
oxygen.  But  ordinary'  acids,  especially  when  heated,  evolve  oxygen,  form- 
ing a  solution  of  a  cobaltous  salt.  The  presence  of  a  cobaltic  salt  in  a 
solution  of  a  cobaltous  salt  mav  be  detected  bv  the  brown  colour  of  the 
solution  and  the  black  precipitate  formed  by  the  addition  of  alkali,  and 
also  from  the  fact  that  such  solutions  evolve  chlorine  when  heated  with 
hydrochloric  acid.  Cobaltic  oxide  may  not  only  be  prepared  by  the 
above-mentioned  methods,  but  also  by  heating  cobalt  nitrate,  after 
which  a  steelrcoloured  mass  remains  which  retains  certain  traces  of 
nitric  acid,  but  when  heated  to  incandescence  it  evolves  oxygen, 
leaving  a  compound  of  cobaltic  and  cobaltous  oxides,  similar  to  mag- 
netic ironstone. 

Nickel  alloys  possess  qualities  which  render  them  valuable  in 
industry,  the  alloy  of  nickel  with  iron  being  particularly  remarkable. 
This  alloy  is  met  with  in  nature  as  rneteoric  iron.  The  Pallasoffsky 
mass  of  meteoric  iron,  preserved  in  the  St.  Petersburg  Academy,  fell 
in  Siberia  in  the  last  century  ;  it  weighs  about  15  cwt.  and  contains  88 
p.c.  of  iron  and  about  10  p.c.  of  nickel,  with  a  small  admixture  of 
other  metals.  In  the  arts  German  silver  is  the  most  extensively  used  ; 
ib  is  an  alloy  containing  nickel,  copper,  and  zinc  in  various  propor- 
tions. It  generally  consists  of  about  50  parts  of  oopper,  25  parts  of 
«inc,  and  25  parts  of  nickel.  This  alloy  is  characterised  by  its  white 
polour  resembling  that  of  silver,  and,  like  this  latter  metal,  it  does  not 
rust,  and  therefore  furnishes  an  excellent  substitute  for  silver  in  the 
majority  of  cases  where  it  is  used^  Alloys  which  contain  silver  in 
addition  to  nickel  show  the  properties  of  silver  to  a  still  greater  extent. 
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Alloys  of  nickel  are  used  for  currency,  and  if  rich  depoaita  of  nickel  are 
discovered  a  wide  field  of  application  lies  before  them,  both  in  a  pure  state 
(because  it  is  a  beautiful  metal  and  does  not  rust)  and  also  aa  alloys. 
Steel  vessels  (pressed  or  forged  out  of  sheet  steel)  covered  with  nickel 
have  such  practical  merits  that  the  manufacture,  vhioh  has  not  long 
commenced,  will  most  probably  be  rapidly  developed. 


S46  PRINCIPLES  OF  CHEMISTRY 


CHAPTER  XXIII 

THE      PLATINUM      METALS 

The  six  metals  :  Ruthenium,  Ru,  rhodium,  Rh,  palladium,  Pd,  oamiam, 
Os,  iridium,  Ir,  and  platinum,  Pt,  are  met  with  associated  together  iii 
nature.  Platinum  always  predominates  over  the  others,  and  hence 
they  are  known  as  the  platinum  mekUs.  By  their  chemical  character 
their  position  in  the  periodic  system  is  in  the  eighth  group,  correspond* 
ing  with  iron,  cobalt,  and  nickel. 

The  naturalness  of  the  transition  from  titanium  and  vanadium  to 
copper  and  zinc  by  means  of  the  elements  of  the  iron  group  is  demon- 
strated by  all  the  properties  of  these  elements,  and  in  exactly  the  same 
manner  a  transition  from  zirconium,  niobium,  and  molybdenum  to 
silver,  cadmium,  and  indium,  through  ruthenium,  rhodium,  and 
palladium  is  in  perfect  accordance  with  fact,  as  also  is  the  position  of 
osmium,  iridium,  and  platinum  between  tantalum  and  tungsten  on 
the  one  side,  and  gold  and  mercury  on  the  other.  In  all  these  three 
cases  the  elements  of  smaller  atomic  weight  (chromium,  molybdenum, 
and  tungsten)  are  able,  in  their  higher  grades  of  oxidation,  to  give  acid 
oxides  having  the  properties  of  distinct  but  feebly  energetic  acids  (in 
the  lower  oxides  they  give  bases),  whilst  the  elements  of  greater  atomic 
weight  (zinc,  cadmium,  mercury),  even  in  their  higher  grades  of  oxida- 
tion, only  give  bases,  although  with  feebly-developed  basic  properties. 
The  platinum  metals  present  the  same  intermediate  properties  such  as 
we  have  already  seen  in  iron  and  the  elements  of  the  eighth  group. 

In  the  platinum  metals  the  intermediate  properties  of  feebly  acid 
and  feebly  ba^c  metals  are  developed  with  great  clearness,  so  that 
there  is  not  one  sharply-defined  acid  anhydride  among  their  oxides, 
although  there  is  a  great  diversity  in  the  grades  of  oxidation  from  the 
type  RO4  to  RgO.  The  feebleness  of  the  chemical  forces  observed  in 
the  platinum  metals  is  connected  with  the  ready  decomposability  of 
their  compounds,  with  the  small  atomic  volume  of  the  metals  them- 
selves, and  with  their  large  atomic  weight.  The  oxides  of  platinum, 
iridium,  and  osmium  can  scarcely  be  either  termed  basic  or  acid ;  thejr 
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are  capable  of  combinations  of  botli  kinds,  one  and  the  other  of  which 
is  £eeble.     They  are  all  iutermediate  oxides. 

The  atomic  weights  of  platinum,  iridium,  and  osmium  are  nearly 
191  to  196,  and  of  paljatlium,  rhodium,  and  ruthenium,  104  to  106. 
Thus,  strictly  speaking,  wo  have  here  two  series  of  metals,  which 
are,  moreover,  perfectly  parallel  to  each  other  ;  three  members  in 
the  first  series,  and  three  members  in  the  second — namely,  platinum 
presents  an  analogy  to  palladium,  iridium  to  rhodium,  and  osmium 
to  ruthenium.  The  group  of  the  platinum  metals  is  characterised 
by  a  number  of  common  properties,  both  physical  and  chemical, 
and,  moreover,  there  are  not  a  few  points  of  resemblance  between  the 
members  of  this  group  and  those  of  the  iron  group  (Chapter  XXII.). 
The  atomic  volumes  of  the  elements  of  this  group  are  nearly  equal  and 
very  small.  The  iron  metitis  have  atomic  volumes  of  nearly  7,  whilst 
that  of  the  metals  allied  to  palladium  is  nearly  9,  and  of  those 
adjacent  to  platinum  nearly  9*4.  This  comparatively  small  atomic 
volume  corresponds  with  the  great  infusibility  and  tenacity  proper  to 
all  the  iron  and  platinum  metals,  and  to  their  small  chemical  energy, 
which  stands  out  very  clearly  in  the  heavy  platinum  metals.  All  the 
platinum  metals  are  very  eosiVy  reduced  by  ignition  and  by  the  action 
of  various  reducing  agents,  in  which  pnacess  oxygen,  or  a  haloid  group, 
is  disengaged  frtira  their  compounds  and  the  metal  left  behind.  This  is 
a  property  of  the  platinum  metals  which  determines  many  of  their 
reactions,  and  the  circumstance  of  their  always  being  found  in  nature 
in  a  native  staled  The  facility  with  which  they  are  reduced  is  so  great 
that  their  chloridee  are  even  decomposed  by  gaseous  hydrogen,  espe- 
cially when  shaken  up  and  heated  under  a  certain  pressure.  Hence  it 
will  be  readily  understood  that  such  nietiils  as  zinc,  iron,  Ac,  separate 
them  from  solutions  with  great  ease,  which  fact  is  token  advantage  of 
in  practice  and  in  the  chemical  treatment  of  the  platinum  metals. 

All  the  platinum  metals,  like  those  of  the  iron  group,  are  grey,  with 
a  comparatively  feeble  metallic  lustre,  and  are  very  infusible.  In  this 
respect  they  stand  in  the  same  order  as  the  metals  of  the  iron  series  ; 
nickel  is  more  fusible  and  whiter  than  cobalt  and  iron,  so  also  palla- 
dium is  whiter  and  more  fusible  than  rhodium  and  ruthenium,  and 
platinum  ia  comparatively  more  fusible  and  whiter  than  iridium  or 
osmium.     The  iiatioe  compounds  of  these  metals  are  red  or  yellow,  like 


>  Weill  and  Peufleld  (18S8)  have  deBcribed  a  mineral  ■pecrylli^e  iound  in  tbo  Cuxuliui 
gnld-bcuing  quarU  and  ootisiBtinK  of  platiuom  diaraenide,  PCAb-j.   It  ia  a  noticeable  ttxt 
that  thii  mioeral  cleart;  confirniB  ths  punitiun  of  platinum  in  the  samB  gruugi 
becsuw  it  uomsiiuDdi)  lu  cryslalline  lorm  (regular  octuhedronj  and  chemical  conipoaitioa 
with  iron  pj-rilcs,  PoSj. 


1 

i 


those  of  the  majority  of  the  metala  of  the  i 
there,  the  different  foi-ms  of  oxidation  present  different  colours,  More- 
over, certain  complex  compounds  of  the  platinum  metals,  like  cerlAin 
complex  compounds  of  the  ii'on  series,  either  have  particular  cbanc- 
teristic  tints  or  else  are  colourless. 

The  platinum  metals  are  found  in  nature  agsoeiated  togeOitr  Vn 
alluvial  deposits  in  a  few  localities,  from  which  they  are  waahKi, 
owing  to  their  very  considerable  density,  which  enables  a  stream  o£ 
water  to  wash  away  the  sand  and  clay  with  which  they  are  miied, 
Platinum  deposits  are  chiefly  known  in  the  Urals,  and  also  in  Braiil 
and  a  few  other  localities.  The  platinum  ore  wtished  from  these 
alluvial  deposits  presents  the  appearance  of  more  or  less  coarse  gniiu, 
and  sometimes  of,  as  it  were,  semif  used  nuggets.^ 

AU  the  platinum  metals  give  compounds  with  the  halogens,  and  the 
highest  haloid  type  of  combination  for  all  is  RXi-  For  the  msjority 
of  the  platinum  metala  this  type  is  exceedingly  unstable  ;  the  lower 
compounds  corresponding  to  the  type  RXj,  which  are  formed  by  tli« 
separation  of  X,,  are  more  stable.  In  the  type  RXj  the  plattDuiu 
metals  form  more  stable  salts,  which  offer  no  little  resemblance  to  ibe 
kindred  compounds  of  the  iron  series — for  example,  with  nickeIou» 
chloride,  NiCl,,  cobaltous  chloride,  CoOl,,  &c.  This  even  expressM 
itself  in  a  similarity  of  volume  (platinous  chloride,  PtCl,,  volume,  W ; 
nickelous  chloride,  NiCl,=50),  although  in  the  type  RXj  the  true  iron 
metals  give  very  stable  compounds,  whilst  the  platinum  metals  in- 
qucntly  react  after  the  manner  of  suboxides,  decomposing  into  the  metal 
and  higher  types,  2RX,=R  +  RX4.  This  naturally  depends  oa  the 
facility  with  which  RX,  decomposes  into  R  and  X^,  when  Xj  c 
bines  with  the  remaining  RX^. 

As  in  the  aeries  iron,  cobalt,  nickel,  nickel  ^tites  onlj/  one  salt- 
forming  oxide,  whilat  cobalt  and  iron  give  higher  and  varied  forms  d 
oxidation  ;  so  also  among  the  platinum  metals,  platinum  and  paUadiDil 
only  give  the  forms  RX,  and  RXj,  whilst  rhodium  and  iridium  form 

'  The  Inrgeat  smount  of  platiiiiim  ia  extracted  in  t)ie  UrkU,  nbout  two  ton*  anaiullfi 
About  n  l«iith  port  of  gold  is  eitriwted  from  the  washed  platmuiu  b;  meona  of  mcrcaiT, 
which  doea  not  dissolve  the  platinum  metals  but  dissolves  tixe  gold  ocoompui^'ing  lb*  - 
platinum  in  its  ores.  UoreOTvr.  the  ores  of  platinum  always  oantain  tnetal*  of  the  IrM- 
series  oesociatod  with  them.  Tlie  viuhed  and  isucbanicitlly-sarted  ore  in  the  nujoritr 
of  cases  cantalns  abnut  7D  to  »a  p.c.  of  platinum,  about  S  to  ^  ~  ~ 
what  smaller  quBixtity  oF  ostaiaoi.  The  other  platinum  metals — palladium,  rhodinio,  bd4 
ruthenium — occur  in  Hmsller  proportions  than  the  three  slmre  named.  Sometimei  gniM 
of  almost  pure  Dtmium- iridium,  containing  only  a  nmall  iiDantity  of  other  metal*, 
foatid  in  platinum  ares.  This  usmiutn-iridium  may  be  easily  separated  from  the  o: 
platinum  alloys,  owing  to  its  being  nearly  ineoUiblo  in  aqua  regis,  by  which  Uie  k 
ore  easily  dissolved.    There  ore  groins  of  platinum  which  are  mogaetic. 
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yet  another  intermediate  type,  RXj,  corresponding  with  the  oxide, 
which  i«  also  met  with  for  cobalt,  and  presents  the  composition  RjOj, 
besides  which  they  also  form  an  acid  oxide,  like  ferric  acid,  which  is 
also  known  in  the  form  of  salts,  but  is  in  every  respect  unstable. 
0»inhi.m  and  rutheniwn,  like  mnnganese,  form  still  higher  oxides, 
and  in  this  respect  exhihit  the  greatest  diversity.  They  not  only 
gire  EXi,  B.X3,  RX(,  and  RXr„  but  also  a  still  higher  form  of 
oxidation,  R0^,  which  is  not  met  with  in  any  other  aeries.  This  form 
is  exceedingly  characteristic,  owing  to  the  fact  of  the  oxides,  OsO^ 
and  RuO„  being  volatile  feebly  acid  substances.  la  this  respect 
they  most  resemble  permanganic  anhydride,  which  is  also  somewhat 
volatile.' 

When  dissolved  in  aqua  regia  and  liberated  from  the  solution  by 
ignition  or  the  action  of  reducing  agents,  platinum  forms  a  powdery 
mass,  known  as  spongy  platinum  or  platinum  black.  If  this  powder  of 
platinum  be  heated  and  pressed,  or  hammered  in  a  cylinder,  the  grainy 

^  In  chAraclerising  the  piatinum  tnuUls  nooording  to  tUelr  retiktion  ta  the  Iron  metals, 
it  ii  ver;  importuil  to  add  bwo  more  very  remarkitble  pninU.  The  platinam  metoli 
■re  capuhle  of  rorming  ■  sort  ot  ntiattibte  cumfiuund  with  hydrogen ;  they  abiorb  It 
and  only  part  vith  it  w)ien  Boraewhat  congideralily  heated.  This  facalty  i«  eapaclalty 
derelopod  in  platinum  and  palladium,  and  it  in  vary  characteriitic  that  nickel,  which 
jut  oorreBponds  with  ptatiatini  and  palladium  in  the  periodic  ayitem,  ehonld  exhibit  tha 
tame  faculty  (or  retaining  a  coneidorsble  guautity  of  hydrogen  (Graham's  and  Rootilt'* 
experiments).  Anuthet  characteriatic  property  ot  the  pUtmnni  metala  eonaiita  in  their 
eawly  givitiK  stable  and  chnrooteriiitic  BBline  compoundi  witk  ammonia,  and  double 
salt*  with  Che  cyanidei  ol  the  alkali  metaln,  eapecially  in  their  lower  (urms  of  com- 
bination. 

All  the  above  ao  clearly  bringa  the  elomenta  of  tl 
platinEun  metals,  Uwt  the  eightb  group  acquires  au  i 
witli  a  certain  originality  or  indiuiduality  for  each  element. 

Platiuum  was  first  obtained  in  the  lant  century  from  Braiit,  where  it  iras  called  silTer 
(platinua).  Watson  in  ITRD  characterised  platinam  aa  a  aeparate  independunt  metai.  In 
ISOH  Wollaiilon  diicovered  palladium  and  rbodium  in  erode  platinum,  and  at  about  the 
same  time  Tennant  diatinguiahed  iridium  and  osmium  in  it.  Professor  Clans,  of  Kaian. 
in  his  reaearclies  on  the  pUtJnnm  metala  (about  1810)  discovered  rntheuinm  in  lhem,*jid 
to  him  are  due  many  important  discoveries  with  regard  to  these  elements,  such  aa  tha 
'indication  of  the  remarkable  analogy  betweau  tbo  eeriea  Pd— Rh— Bu  and  Pt— ti^Os. 

Tht  Irmtmenl  of  platinum  ore  ischJefly  carried  en  for  the  ertraction  of  the  ptstinDtn 
itaall  and  its  alloys  with  iridium,  beeanae  these  njetats  offer  a  greater  reaistiinco  (o  the 
•cUon  of  chemical  reagents  and  high  temperatures  than  any  ol  the  other  malleable  and 
dnotile  metals,  and  therefore  the  wire  so  often  luted  tu  the  labomlory  and  for  [ccbnicat 
pDrposesia  niade  from  them,  as  also  are  various  vessels  DRcd  for  ubemical  purposes  in  the 
laboratory  and  in  works.  Thus  sulphuric  acid  ia  distilled  in  platinum  retorts,  and  many 
anbstancesure  fused,  ignited,  and  evaporaled  in  the  laboratory  in  platinum  erncibles  and 
platinum  foil.  Oold  and  many  other  substances  are  dlasolved  in  basins  made  of  iridium- 
pUtinum.  because  the  alloys  of  platinum  and  iridium  arc  but  slightly  attacked  when 
subjected  to  tlie  action  of  aqna  regia.  An  esfeedingly  imporlBOl  property  of  the 
platinum  metala  i«  [hut  thej  do  nut  (use  in  a  furiiiuw  heat.  pikUadinci  only  being  some- 
what more  fusible  than  the  rest. 


aggregate  or  forge  together,  and  form  &  continuous,  but  naturall}'  mit 
entirely  homogeneouB,  masa.  Platinum  was  fonnerly,  and  is  even  now, 
worked  up  ia  this  manner.  The  platinum  money  formerly  used  iu 
Russia  was  made  in  this  way.  Sainte-Claire  Deville,  in  the  fifties,  for 
the  first  time  malted  platinum,  in  considerable  ([uantitiea  by  employing 
a  special  furnace  made  in  the  form  of  a  small  reverberatory  funia«e, 
and  composed  of  two  pieces  of  lime,  on  which  heat  has  no  action,  Into 
this  furnace  (shown  in  fig.  34,  Vol.  I.  p.  1 73) — or,  more  strictly  speakbg, 
into  the  cavity  made  in  the  pieces  of  lime — the  platinum  is  introduced, 
and  two  ori6ces  are  made  in  the  lime  ;  through  one,  the  upper,  or  side 
orifice,  is  introduced  an  oxyhydrogen  gas  burner,  in  which  either 
detonating  gas  or  a  mixture  of  oxygen  and  coal-gas  is  burnt,  wliilst 
the  other  orifi.ce  serves  for  the  escape  of  the  products  of  combustion 
and  certain  impurities  wliich  are  more  volatile  than  the  platinum,  and 
especially  the  oxidised  compounds  of  osmium,  ruthenium,  and  piJls- 
dium,  which  are  comparatively  easily  volatilised  by  heat.  In  ihiJ 
manner  the  platinum  is  converted  into  a  continuous  metallic  form  b;' 
means  of  fusion,  and  this  method  is  now  used  for  melting  somewkit 
considerable  masses  of  platinum.* 

If  it  be  desired  to  obtain  pure  platinum,  it  is  necessary  to  hv« 
recourse  to  the  solution  of  the  ore  in  aqua  regia.  Only  the  osmiuni 
and  iridium  remain  unattacked  by  the  aqua  regia.  The  Eolation 
contains  the  platinum  metals  in  the  form  RCl,,  and  in  the  lower  fornu 
of  chlorination,  because  some  of  these  metals — for  instance,  palladium 
and  rhodium — form  such  unstable  chlorides  of  the  typo  RX^  that  thfj 
already  partially  decompose  when  only  diluted  with  water,  and  psM 
into  the  stable  lower  type  of  combination  ;  in  addition  to  which  tlie 
chlorine  is  very  easily  disengaged  if  it  coraes  in  contact  with  Bubstai»«9 
on  which  it  can  act.     In  this  respect  platinum  resists  the  action  ol 


*  Thia  procesg  has  i>1(«red  tlie  lochnicOil  t 
ant.  It  hu  in  paj^ipalar  liicilitAt«d  the  : 
liom  and  rhodium  frnm  the  pure  pUcinum 


mntiLclure  of  alloyH  of  platinum  *i<^ 
99 ;  bflcanm  it  in  enOicient  to  (nHtl» 
ore  in  order  for  the  greater  unount  of  the  oaniiura  to  bum  oft,  und  for  the  lamn  to  tM> 
into  a,  homogeneous,  msJleable  b.I1oj,  vliiah  in  straightH-Sij  Dfled  in  practice.  Then  i> 
Ter;  little  ruthenium  iu  the  ores  of  platinum.  If  during  fnnioQ  lend  he  added,  itdiaaoltw 
tlio  plathiDm  owinjr  to  its  beiag  able  to  form  a  very  charocteriBtic  alloy  coutaiuing  PtPb. 
If  an  alloy  of  both  metola  be  left  exposed  to  moist  air,  the  eiceu  of  lead  it  canTeri«i 
into  carbonate  («hite  lead]  in  the  presence  of  the  water  and  carbonic  acid  of  Ihe  air. 
whilst  the  aboro  platinum  allay  remains  nnchatiged.  The  white  lend  may  be  eitneltti 
by  dilute  acid,  and  the  alloy  PtPb  remains  untouched.  The  other  platimini  metah 
give  similar  alloys  with  load.  The  fusibility  of  Ihese  alloys  enables  the  platinum  u 
to  be  separated  from  the  gangue  of  the  ore,  and  they  may  afterwards  be  aeparaled  from 
the  lead  by  subjecting  the  alloy  to  oxidation  in  (amapes  furnished  with  a  bone  asb  be4 
because  the  lead  ia  then  oxidised  and  absorbed  by  the  bone  aah,  iBaTing  the  plal 


r  Bietait 


metals  untouched. 
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heat  and  reducing  agenta  better  than  any  of  its  companiona— that  is, 
it  passes  with  greater  difficulty  from  PtCl,  to  the  lower  compound 
PtClj.  On  this  is  based  the  method  of  preparation  of  more  or  less 
pure  platinum.  Lime  or  sodium  hydroxide  is  added  to  the  solution  in 
aqua  regia  ;  in  one  or  the  other  case  the  reaction  is  not  carried  on  to 
the  formation  of  a  clearly  alkaline  solution,  but  only  to  saturation  or  a 
very  slight  excess  of  alkali.  It  is  naturally  best  to  first  evaporate  and 
slightly  ignite  the  solution,  in  order  to  remove  the  excess  of  acid,  and 
by  heating  it  to  partially  convert  the  higher  chlorides  of  the  paSladiura, 
■L'c,  into  the  lower.  The  addition  of  alkalis  completes  the  reduction, 
because  the  chlorine  held  in  the  compounds  RX,  acta  on  the  alkali 
like  free  chlorine,  converting  it  into  a  hypochlorite.  Thus  palladium 
chloride,  PdCl,,  for  exauiple,  is  converted  into  palladious  chloride, 
PdClj,  by  this  means,  according  to  the  equation  PdCl,  +  2NaH0= 
PdClj  +  NaCl +NaC10  +  H,0.  In  just  the  same  manner  iridic  chloride, 
IrClj,  is  converted  into  the  trichloride,  IrCl,,  by  this  method.  When 
this  conversion  takes  place  the  platinunn  still  remains  in  the  form  of 
platinic  chloride,  PtCl,.  It  is  then  possible  to  take  advantage  of  a 
certain  difl'erence  in  the  properties  of  the  higher  and  lower  chlorides  of 
the  platinum  metals.  Thus  lime  precipitates  the  lower  chlorides  of  the 
members  of  the  platinum  metals  occurring  in  solution  without  acting 
on  the  platinic  chloride,  PtC)„  and  therefore  the  addition  of  a  large 
proportion  of  lime  immediately  precipitates  the  aisociated  metals, 
leaving  the  platinum  itself  in  solution  in  the  form  of  a  soluble  double 
salt,  PtCluCaClj.  A  far  better  and  more  perfect  gfparation  is  effected 
iy  means  of  ammonium  chloride,  which  gives,  with  platinic  chloride,  an 
insoluble  yellow  precipitate,  PtCl„2NHjCl,  whilst  it  forms  soluble 
double  salts  with  the  lower  chlorides  RCl.j  and  RClj,  so  that  ammonium 
chloride  precipitates  the  platinum  only  from  the  solution  obtained  liy 
the  preceding  method.  These  methods  are  employed  for  preparing  the 
platinum  which  is  used  for  the  manufacture  of  platinum  articles, 
because,  having  platinum  in  solution  as  calcium  platinochloride, 
PtCaCIs,  or  as  the  insoluble  ammonium  platinochloride,  Pt(NH,)^Clo, 
the  platinum  compound  in  every  ease,  after  drying  or  ignition,  loses  all 
the  chlorine  from  the  platinic  chloride  and  leaves  finely-diWded 
metallic  platinum,  which  may  be  converted  into  homogeneous  metal  by 
compression  and  forging,  or  by  fusion.' 


>  Foi  the  nltimiLte  pariBcation  of  pUtinam  from  palladium  and  iridimn  the  metals 
rnont  be  re-diHsoIveil  in  aqua  regia,  and  the  solntion  evspoialed  Dntil  the  reeidae  begius 
to  evolve  chlorine.  The  residne  iB  then  re-precipitated  with  ammotiiani  or  potaHeiuin 
chlorids.  The  precipitate  may  still  contain  a  certain  amount  ol  iridium,  which  paises 
with  greater  difficult  bom  the  tetruhloride,  IrCl4,  into  the  trichloride,  IrCls,  bat  it  wiU 


852  PRINCIPLES  OF  CHEMISTRY 

Metallic  platinum  in  a  fused  state  has  a  specific  gravity  of  21*1 ;  it 
is  grey,  softer  than  iron,  but  harder  than  copper,  exceedingly  ductile, 
and  therefore  is  easily  drawn  into  wire  and  rolled  into  thin  sheets,  and 
may  be  hammered  and  drawn  into  thin  tubes,  &c.  In  the  state  in 
which  it  is  obtained  by  the  ignition  of  its  compounds,  it  forms  a  spongj 
mass,  known  ejs  spongy  plantinum,  or  else  as  powder  (platinum  black).^ 
In  either  case  it  is  grey,  dull,  and  is  characterised,  as  we  already  know, 
by  the  faculty  of  absorbing  hydrogen  and  other  gases.  Platinum  is  not 
acted  on  by  hydrochloric,  hydriodic,  nitric,  and  sulphuric  acids,  or  a 
mixture  of  hydrofluoric  and  nitric  acids.  Aqua  regia,  and  any  liquid 
containing  chlorine  or  able  to  evolve  chlorine  or  bromine,  dissolvei 
platinum.  Alkalis  are  decomposed  by  platinum  at  a  red  heat,  owing  to 
the  faculty  of  the  platinum  oxide,  PtO^,  formed  to  combine  with 
alkaline  bases,  inasmuch  as  it  has  a  feebly-developed  acid  oharact^. 
Sulphur,  phosphorus  (the  phosphide,  Ptp2,  is  formed),  arsenic,  silicon 
all  act  more  or  less  rapidly  on  platinum,  under  the  influence  of 
heat.  Many  of  the  metals  form  alloys  with  it.  Even  charcoal 
combines  with  platinum  when  it  is  ignited  with  it,  and  therefore 
carbonaceous  matter  cannot  be  subjected  to  prolonged  and  powerful 
ignition  in  platinum  vessels.  Hence  a  platinum  crucible  soon  becomes 
dull  on  the  surface  in  a  smoky  flame.  Platinum  also  alloys  with 
zinc,    lead,    tin,    copper,    gold,  and   silver.^     Although  mercury  does 

be  quite  free  from  palladium,  because  the  latter  easily  loses  its  chlorine  and  passes  into 
palladiouH  chloride,  PdCl^,  which  gives  an  easily-soluble  salt  with  potassium  chloride 
Tlie  precipitate,  containing  a  small  quantity  of  iridium,  is  then  heated,  with  sodium 
carbonate,  in  a  crucible,  when  the  mass  decomposes,  giving  metallic  platinum  and 
iridium  oxide.  If  potassium  chloride  has  been  employed,  the  residue  after  ignition  is 
washed  with  water  and  treated  with  aqua  regia.  The  iridium  oxide  remains  undissolvedi 
and  the  platinum  easily  passes  into  solution.  Only  cold  and  dilute  aqua  regia  must  be 
used.  The  solution  will  then  contain  pure  platinic  chloride,  which  forms  the  starting- 
point  for  the  preparation  of  all  platinum  compounds. 

®  We  have  already  become  acquainted  with  the  effect  of  finely-divided  platinum  on 
many  gaseous  substances.  It  is  best  seen  in  the  90-called  platinum  hlack^  which  is  » 
coal  black  powder  left  by  the  acticm  of  sulphuric  acid  on  the  alloy  of  sdnc  and  platinum, 
or  which  is  precipitated  by  metallic  zinc  from  a  dilute  solution  of  plat'num.  At  all 
events,  finely-divided  platinum  absorbs  gases  more  powerfully  and  rapidly  the  more  finely- 
divided  and  porous  it  is.  Sulphurous  anhydri4e,  hydrogen,  alcohol,  and  many  organic 
substances  in  the  presence  of  such  platinum  are  easily  oxidised  by  the  oxygen  of  the  air, 
although  they  do  not  combfne  with  it  directly.  The  absorption  of  oxygen  is  as  much  afe 
several  hundred  volumes  per  one  volume  of  platinum,  and  the  oxidising  power  of  such 
absorbed  oxygen  is  taken  advantage  of  not  only  in  the  laboratory  but  even  in  working 
processes.  Asbestos  or  cliarcoal,  soaked  in  a  solution  of  platinic  chloride  and  ignited,  is 
very  useful  for  this  purpose,  because  by  this  means  it  becomes  coated  with  platinum  black. 

7  It  is  necessary  to  remark  that  platinum  when  alloyed  with  silver,  or  as  amalgam,  ii 
soluble  in  nitric  acid,  and  in  this  respect  it  differs  from  gold,  so  that  it  is  iK>ssible  by  alloy- 
ing gold  with  silver  and  acting  on  the  alloy  with  nitric  acid,  to  recognise  the  presence  of 
platinum  in  the  gold,  because  nitric  acid  does  not  act  on  gold  alloyed  with  silver. 
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not  directly  dissolve  platinnin,  still  it  forms  a  solution  or  amalgam 
with  spongy  platinum,  in  the  presence  of  sodium  amalgam  ;  a  similar 
amal<;am  ia  also  formed  liy  the  action  of  sodium  amalgam  on  a 
solution  of  platinum  chloride,  and  is  used  for  physical  experiments. 

There  are  two  k'mdi  of  jilalin-uiii  cnmpoumh,  PtX,  and  PtXj. 
The  former  are  produced  by  an  excess  of  halogen  in  the  cold,  and  the 
latter  by  the  aid  of  heat  or  by  the  splitting  up  of  the  former.  The 
starting-point  of  the  platinum  compounds  is  platinum  lelrachforide, 
j'lalinic  irliloride,  PtClj,  obtained  by  dissolving  platinum  in  aqua 
regia.  The  solution  cryatallisea  in  the  cold,  in  a  desiccator,  in  the 
form  of  reddish-brown  deliiiuesceut  crystals  containing  hydrochloric 
acid  :  PtCl„'2HCI,6HjO,  and  forming  a  true  acid  with  correspond- 
ing salts  RjPtClfi — ammonium  platinochloride,  for  example.  The 
hydrochloric  acid  is  liberated  from  these  crystals  by  gently  heating 
or  evaporating  the  solution  to  dryness  ;  and,  better  still,  after  treat- 
ment with  silver  nitrate  (silver  chloride  is  preeipitated)  a  reddish- 
broivn  mass  remains  behind,  which  dissolves  in  water,  and  forms  a 
yellowish-red  solution  which  on  cooling  deposits  crystals  of  the 
composition  PtCl(,8H20.  The  t-mfciwi/  to  eombiTie  with  hydrochlorin 
acid  and  water — that  is,  to  /orm  higher  cryitailine  cojnpounda — is 
evident  in  the  platinum  compounds,  and  must  be  taken  into  account 
in  explaining  the  properties  of  platinum  and  the  formation  of  many 
other  of  its  complex  compounds.  Dilute  solutions  of  platinic  chloride 
are  yellow,  and  are  completely  reduced  by  hydrogen,  sulphurous 
anhydride,  and  many  reducing  agents,  which  first  convert  the  platinic 
chloride  into  the  lower  compound  pla.tinoua  chloride,  PtCJ,.  That 
faculty  which  expresses  itself  in  platinum  tetrachloride  in  its  com- 
bining with  water  of  crystallisation  and  hydrochloric  acid  is  distinctly 
marked  in  its  property,  with  which  we  are  already  acquainted,  of 
giving  precipitates  with  the  salts  of  potassium,  ammonium,  rubi- 
dium, Ac.  In  general  it  readily  /oriits  doubfe  aaltg  R,PtClB= 
FtCl^  +  SRCl,  where  R  is  a  univalent  metal  such  as  potaasium  or 
sodium.  Hence  the  addition  of  a  solution  of  potassium  or  ammonium 
chloride  to  a  solution  of  platinic  chloride  is  followed  by  the  formation 
of  a  yellow  precipitate,  which  is  sparingly  soluble  in  water  and  almost 
entirely  insoluble  in  alcohol  and  ether  (platinic  chloride  b  soluhlo  in 
water,  and  potassium  iridiocldoride,  IrKjCl,^,  is  soluble  in  water  but 
not  in  alcohol).  It  is  especially  remarkable  in  this  case,  that  the 
potassium  compounds  here,  as  in  n  numlier  of  other  instances,  sepa- 
rate in  an  anhydrous  form,  whilst  the  sodium  compounds,  which  aro 
soluble  in  water  and  alcohol,  form  red  crystals  containing  water.  The 
composition    Na,PtCl6,6H;0    exactly   corresponds    with    the   aliove- 
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Metallic  platinum  in  a  fused  state  has  a  specific  gravity  of  21*1 ;  it 
is  grej,  softer  than  iron,  but  harder  than  cc^per,  exceedingly  ductile, 
and  therefore  is  easily  drawn  into  wire  and  rolled  into  thin  sheets,  and 
may  be  hammered  and  drawn  into  thin  tubes,  ^c  In  the  state  in 
which  it  is  obtained  by  the  ignition  of  its  compounds,  it  forms  a  spongy 
mass,  known  as  spongy  plantinum,  or  else  as  powder  (platinum  black).* 
In  either  case  it  is  grey,  dull,  and  is  characterised,  as  we  already  know, 
by  the  faculty  of  absorbing  hydrogen  and  other  gases.  Platinum  is  not 
acted  on  by  hydrochloric,  hydriodic,  nitric,  and  sulphuric  acids,  or  a 
mixture  of  hydrofluoric  and  nitric  acids.  Aqua  regia,  and  any  liquid 
containing  chlorine  or  able  to  evolve  chlorine  or  bromine,  dissolves 
platinum.  Alkalis  are  decomposed  by  platinum  at  a  red  heat,  owing  to 
the  faculty  of  the  platinum  oxide,  PtO,,  formed  to  combine  with 
alkaline  bases,  inasmuch  as  it  has  a  feebly -developed  acid  charactei'. 
Sulphur,  phosphorus  (the  phosphide,  PtPj^  is  formed),  arsenic,  silicon 
all  act  more  or  less  rapidly  on  platinum,  under  the  influence  of 
heat.  Many  of  the  metals  form  alloys  with  it.  Even  charcoal 
combines  with  platinum  when  it  is  ignited  with  it,  and  therefore 
carbonaceous  matter  cannot  be  subjected  to  prolonged  and  powerful 
ignition  in  platinum  vessels.  Hence  a  platinum  crucible  soon  becomes 
dull  on  the  surface  in  a  smoky  flame.  Platinum  also  alloys  with 
zinc,    lead,    tin,    copper,    gold,  and   silver.^     Although  mercury  does 

be  qnite  free  from  palWliam,  because  the  latter  easily  loses  its  chlorine  and  passes  into 
palladioas  chloride,  PdClj,  which  gives  an  easily-solnble  salt  with  potassium  chlorida. 
The  precipitate,  containing  a  small  quantity  of  iridium,  is  then  heated,  with  sodium 
carbonate,  in  a  crucible,  when  the  mass  decomposes,  giving  metallic  platinum  and 
iridium  oxide.  If  potassium  chloride  has  been  employed,  the  residue  after  ignition  it 
washed  with  water  and  treated  with  aqua  regia.  The  iridium  oxide  remains  undissolved, 
and  the  platinum  easily  passes  into  solution.  Only  cold  and  dilute  aqua  regia  must  bo 
QHed.  The  solution  will  then  contain  pure  platinic  chloride,  which  forms  the  startingo 
point  for  the  preparation  of  all  platinum  compounds. 

«  We  have  already  become  acquainted  with  the  pflfect  of  finely-divided  platinum  on 
many  gaseous  subHtances.  It  is  best  seen  in  the  so-called  platinum  blacky  which  is  a 
coal  black  powder  left  by  the  action  of  sulphuric  acid  on  the  alloy  of  zinc  and  platinum, 
or  which  is  precipitated  by  metallic  zinc  from  a  dilute  solution  of  plat'num.  At  aU 
events,  finely-divided  platinum  absorbs  gases  more  powerfully  and  rapidly  the  more  finely- 
divided  and  porous  it  is.  Sulphurous  anhydride,  hydrogen,  alcohol,  and  many  organic 
substances  in  the  presence  of  such  platinum  are  easily  oxidised  by  the  oxygen  of  the  air 
although  they  do  not  combhie  with  it  directly.  The  absorption  of  oxygen  is  as  much  afe 
several  hundred  volumes  per  one  volume  of  platinum,  and  the  oxidising  power  of  sudi 
absorljed  oxygen  is  taken  advantage  of  not  only  in  the  laboratory  but  even  in  working 
procf  sse-^.  Asbestos  or  charcoal,  soaked  in  a  solution  of  platinic  chloride  and  ignited,  it 
very  useful  for  this  purpose,  because  by  this  means  it  becomes  coated  with  platinum  black. 

7  It  is  necessary  to  remark  that  platinum  when  alloyed  with  silver,  or  as  amalgam,  it 
soluble  in  nitric  acid,  and  in  this  respect  it  differs  from  gold,  so  that  it  is  possible  by  alloy- 
ing gold  with  silver  and  acting  on  the  alloy  with  nitric  acid,  to  recognise  the  presence  ci 
platinum  in  the  gold,  becatise  nitric  acid  does  not  act  on  gold  alloyed  with  silver. 


THE   PLATINUM   METALS  858 

not  directly  dissolve  platinum,  atill  it  forma  a  solution  or  amalgam 
with  spongy  platinum,  in  the  presencu  of  sodium  amalgam  ;  a  similar 
ametgam  is  also  formed  by  the  action  of  sodium  amalgam  on  a 
solution  of  platinum  chloride,  and  ia  used  for  physical  experiments. 

There  are  two  khuU  of  plalinum  iiampoujuU,  PtX,  and  PtXj. 
The  former  are  produced  by  an  excess  of  halogen  in  the  cold,  and  the 
latter  by  the  aid  of  heat  or  by  the  splitting  up  of  the  fonner.  The 
starting-point  of  the  platinum  compounds  is  jilalintim  lelrtKhhride, 
plaihiic  chloride,  PtCl4i  obtained  by  diswolving  platinum  in  aqua 
regia.  The  solution  crystallises  in  the  cold,  in  a  desiccator,  in  the 
form  of  reddish-brown  tieliqueacent  crystals  containing  hydrochloric 
acid  :  PtCl„2HCI,6HjO,  and  forming  a  true  acid  with  correspond- 
ing salts  RiPtClfl — ammonium  platinochloride,  for  example.  The 
hydrochloric  acid  is  liberated  from  these  crystals  by  gently  heating 
or  evaporating  the  solution  to  dryness  ;  and,  better  still,  after  treat- 
ment with  silver  nitrate  {silver  chloride  ia  preeipitated)  a  reddish- 
brown  mass  remains  behind,  which  dissolves  in  water,  and  forms  a 
yellowish-red  solution  which  on  cooling  deposits  crystals  of  the 
composition  PtClj,8HjO,  The  t'.ndi-.ncif  to  combine  with  hydrochloric 
acid  and  water — that  ia,  to  form  hiifher  erytlalline  compounds— is 
evident  in  the  platinum  compounds,  and  must  be  taken  into  account 
in  explaining  the  properties  of  platinum  and  the  formation  of  many 
other  of  its  complex  compounds.  Dilute  solutions  of  platinic  chloride 
are  yellow,  nod  are  completely  reduced  by  hydrogen,  sulphurous 
anhydride,  nnd  many  reducing  agents,  which  first  convert  the  platinic 
chloride  into  the  lower  compound  platinous  chloride,  PtCl,,  That 
faculty  which  expresses  itself  in  platinum  tetrachloride  in  its  com- 
bining with  water  of  crystallisation  and  hydrochloric  acid  is  distinctly 
marked  in  its  property,  with  which  we  are  already  acquainted,  of 
giving  precipitates  with  the  salts  of  potassium,  ammonium,  rubi- 
dium, Ac,  lu  general  it  readily  fornix  do'ihJe  aahn  R^PtClg^: 
PtCl,-4-2RCl,  where  It  is  a  univalent  metal  such  as  potassium  or 
■odium.  Hence  the  addition  of  a  solution  of  potassium  or  ammonium 
chloride  to  a  solution  of  platinic  chloride  is  followed  by  the  formation 
of  a  yellow  precipitate,  which  ia  sparingly  soluble  in  water  and  almost 
entirely  insoluble  in  alcohol  and  ether  (platinic  chloride  ia  soluble  in 
water,  and  potassium  iridiochloride,  IrK-jCl„,  is  soluble  in  water  but 
not  in  alcohol).  It  is  especially  remarkable  in  this  case,  that  the 
potassium  compounds  here,  as  in  a  numlier  of  other  instances,  sepa- 
rate in  an  anhydrous  form,  whilst  the  sodium  compounds,  which  are 
Bolulile  in  water  and  alcohol,  form  red  crystals  containing  water.  The 
composition    NajPtCI,i,0HjO    exactly   corresponds    with    the   above- 
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mentioned  hydrochloric  compound.  The  compounds  with  barium, 
BaPtClo,4HaO,  strontium,  8rPtCls,8H20,  calcium,  magnesium,  iron, 
manganese,  and  many  other  metiiJs  are  all  soluble  in  water." 

Plalinaus  chloride,  PtClj,  is  formed  when  liydrogen  platinochloride, 
PtHjCls,  is  ignited  tit  300°,  or  when  platinum  is  heateif  at  230°  in  a 
stream  of  chlorine.  The  undecnniposed  tetrachloride  is  extracted  from 
the  resiHae  by  washing  it  witli  water,  and  a  greenish  grey  or  brown 
insoluble  moss  of  the  dichloride  (sp.  gr.  5'9)  is  then  obtained.  It  i( 
soluble  in  hydrochloric  acid,  giving  aa  aoid  solution  of  the  composition 
PtClj,3HCl,  corresponding  with  the  type  of  double  salts  PtR,Cl,. 
Although  platinouH  chloride  decomposes  below  500°,  still  it  is  partially 
formed  at  higher  temperatures,  Troost  and  Hautefeuille,  and  Seelheim 
observed   that   when    platinum   is    strongly   ignited  in   a,  stream  of 

*  NiUon  (1B7T),  who  inventiguled  the  plstinocIilarldBB  of  vnrioQA  metals  Bnbsequentlr 
to  BonsdoriT,  TopwK,  Clave,  Marignso,  and  oibsni,  lounH  that  nnivaileDt  ejid  triiakst 
inetBts — BUch  as  bydj-ogaii,  potaBiimn,  ammonioiD  .  .  .  WrfUima,  Cftkinm,  bujom— 
^Te  iHiinpoaadfl  of  fluch  a  compontioa  thKt  Ihete  lb  sJw&yB  twrice  na  luucb  chkffine  lA 
the  pktioio  chloride  u  in  tlie  combined  matBllio  chloride;  for  eiample,  K^ClaPld,; 
BeCLi,PtC1,,BH,0,  An.  Sach  tiiToJent  metals  as  alumlniatn,  iron  (ferric),  chrominin,  di- 
djiniam,  cerium  (cerouBJ  form  compoundB  o(  ilia  type  BCljPtClj,  iu  whidi  the  uDonnta  al 
chlorine  ore  in  the  ratio  H  :  4.  Only  inditun  ond  yttrinm  give  Halts  nf  a  different  compoii- 
tioD— namely,  alnClj,6PtCl4.8UH,0  and  lYCl^ePtCl|,SlH,0.  Snch  qtudriToleDt  melalt 
as  Ihcrium,  tin,  Kirconinm  give  compoundB  of  the  type  HCLi  JtCI„  in  which  the  ratio  of 
the  chlorine  —1  :  1.  In  this  manner  the  valency  of  ametol  may,  to  a  cerlUDeiteDt.bt 
judged  from  the  DompoBitiou  of  the  double  salts  fotiDcd  with  platinic  chloride-  Muv  of 
the  above-mentioned  eompouods  are,  moreover,  able  to  combine  with  different  unonnd 
of  water  of  cryatallisalion. 

Platinic  bromide.  PtBr,,  and  iodide,  Ptl,.  are  analogons  to  the  tetrachloride,  hot  tbs 
inilide  is  decomposed  still  more  easily  thau  the  ahloride.  It  sulphuric  acid  be  uddtil  to 
platinic  chloride,  and  the  solution  evaporated,  it  forms  a  bkok  porons  maas  like  chu- 
coal,  which  deiiquesces  in  the  air.  and  preiente  the  oompoution  PtlSO,),.  Bat  this,  tbi 
only  oiygaa  salt  of  the  type  PtXi,  is  eieeedinKly  uuatable.  This  JB  due  to  the  fact  that 
plalinutH  oxiile,  the  oiide  of  the  type  PtOg,  has  a  feeble  acid  character.  This  is  ■bom 
in  a  number  of  instnnceB.  Thus  it  a  Bolution  of  sodium  carbonate  be  added  to  a  stroBg 
Bolntion  of  platinic  chloride,  and  the  solution  bn  exposed  lo  the  action  r>f  light  a 
eraporatod  to  dryness  and  then  washed  with  water,  there  remains  a  Bodiuia  platiiwla, 
PtjJIa,Oj,8H-jO.  The  composition  of  this  salt,  if  regarded  in  the  same  mote  as  *  """ 
the  sails  of  silicic,  titanic,  molybdio,  and  other  acids,  will  be  PtO(OKB)j,aPtO„0H^ 
— that  is.  the  same  type  is  repeated  as  we  saw  in  the  crystalline  compoauds  ol 
platinum  letrschloride  with sodinro  chloride,  or  with  hydrochloric  acid— namely,  th«lyp« 
PtS,nT,  where  T  is  the  molecule  H,0,HC1.  *c.  Similar  compounds  are  also  obtained 
with  other  alkalis.  They  will  be  platinates  of  the  alkalis  in  which  the  platinic  oxid^ 
PtOj.  plays  the  part  of  an  acid  Mide.  If  such  au  alkaline  compound  of  pUlinni 
treated  with  ocetin  acid,  the  alkaU  will  pusg  over  to  the  latter,  oad  there  remai 
p!atinie  hydroxide,  Pt(OH)(,  as  a  brown  miBs,  which  loses  water  and  oxygen  »hill 
ignited,  and  in  bo  doing  decoinpoaes  with  a  Blight  eiplosion.  When  slighUy  ignited  ttaU 
hydroiide  first  loses  water  and  gives  the  very  nnstabte  oiida  PtO,.  Platinic  solphiiK 
PtSa,  belongs  to  the  sBma  type ;  it  is  precipitated  by  the  action  of  snlphiiTetted  hydregm 
on  a  solution  of  platinum  tetrachloride.  The  moist  precipitate  is  capable  of  attnwting 
oxygBUi  and  is  then  converted  into  the  aulphate  above  nientioned,  which  is  Bolnble  En 
water.     Platinic  sulphide  gives  crystalline  compounds  with  the  alkali  solphidea. 
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chlorine,  the  metal,  as  it  were,  slowly  volatilised  and  was  deposited  in 
crystals  ;  a  volatile  chloride,  probably  platmous  chloride,  was  natui'ally 
formed  in  this  ease,  and  decomposed  subsequeutly  to  its  formation 
with  the  deposition  of  crystals  of  platinum. 

The  above- described  properties  of  platinum  are  repeated,  sometimes 
distinctly  and  sometimes  with  a  certain  modification,  in  the  above- 
mentioned  associates  and  analogues  of  this  metal,  but  naturally  there 
are  certain  points  of  difference.*     With  respect  to  the  types  of  combi- 

•  In  pomparing  llie  chiuracterirtios  of  th^  pUtinum  metali,  it  i»  not  unimportiint  to 
remark  that  palladium  in  il«  iDrmfl  o(  (wmbioatioii  PdX]  given  ulins  compoonda  of  cou- 
Biilemble  aUbility.  Amnnjist  Ihem  palladout  chloride  it  formed  by  the  diroet  Mtiatiof 
Ghlorine  OT  aqaa  regia  (nob  in  eiceaa  nor  in  dilate  eolntiona)  on  pallndinm.  It  formB  a 
brown  aolntion,  which  jrirea  a  black  insolnble  precipitate  of  palladoun  jui2iij«,  Pdlj,  with 
BolutionB  of  iodides  lin  thiiieapect.  a>  in  mauT  otbera.  palladinm  reaemblea  marcniy  in 
the  metturio  pnniponnrl=  HgX,!,  With  a  eolation  nf  mercnric  cyanide  it  gives  a  yellowiBb 
while  precipilale.  pnlliidnnii  eyiinide,  PdCaNj,  which  ia  aolnblo  in  potaaiinm  fyanidB.iuid 
givea  other  double  unit*,  M^dC.Ni. 

That  portion  of  the  platinnm  ore  which  diaaoilvoa  in  aqna  regia  and  is  precipitated 
b;  utunonjimi  or  ptibnasinm  chloride  does  not  contain  pnllodium.  It  remaina  in  Bolii- 
tion,  bflcanae  the  palladic  chloride.  PdCi|.  ii  decomposed  and  the  palUdons  cblorido 
totmed  ia  not  precipitated  by  ammonimn  chloride;  the  same  holds  good  for  all  the  other 
lower  chlorides  o£  the  pUtinom  raetole.  Zinc  land  iron)  Bepu»t*B  nnt  all  the  nnprecipi- 
tated  plaUnnm  metola  (nnd  also  copper,  *c.)  from  the  aolntion.  It  19  in  these  platinum 
residuea  precipitated  by  zinc  that  the  palladium  ia  found.  If  this  mixture  of  mxlalis  ia 
treated  with  aqua  regia,  then  all  the  pallndium  will  pasa  into  solution  a>  palladnns 
chloride  and  some  ptatinic  chloride.  By  thin  treatment  the  main  portion  of  the  indium, 
rbodiam,  Ara.,remainaaimoBtDndisaotved,Bnd  the  platinum  is  separated  from  the  mixture 
of  palladoUB  and  platinic  chlorides  bjr  •  solation  of  ammonium  chloride,  and  the  solDtinn 
of  paUadium  ia  precipitated  by  potassium  iodidi  or  mercuric  cyanide.  Wilm  I1(M1I 
ahowed  that  palladium  may  be  separated  from  an  impure  solution  by  saturating  it  with 
ammoniai  all  the  iron  present  ie  Ihui  precipitated,  and,  after  filtering,  the  addition  of 
hjrdrorhloric  acid  to  the  filtrate  gives  a  yellow  precipitate  of  an  ammonio-palladiuui 
umponnd :  PdCt„9NH,,  whilst  nearly  all  the  other  motels  remain  in  solution.  MetalHr 
pailadiitvt  i«  obtained  by  igniting  the  ammonio-compoand  or  the  cyanide,  PdCgK,.  It 
oeoun  native,  although  rarely,  and  ia  a  metal  of  a  whiter  oolonr  than  pUtinom. 
ap.  KT.  11 '8;  i^  is  much  more  fusible  than  platianm,  partially  oxidises  on  the  surface 
when  heated,  and  loses  its  abaorbod  oxygen  aa  ■  farther  rise  of  (emperatnre.  It 
doe*  not  blacken  or  tarnish  (does  not  absorb  salphur)  in  the  air  at  the  ordinsry 
temperature,  and  is  therefore  better  suited  than  silver  for  astronomical  and  ntbar 
instruments  in  which  flue  divisions  have  to  be  engraved  on  a.  white  metal,  in  order  that 
the  Sne  hues  ahculd  be  clearly  visible.  The  moot  remarkable  property  of  palladium, 
discovered  by  Graham,  consiBte  iu  its  capacity  for  riAjor&ini;  a  large  amn^Tnt  of  hydrogen^ 
Ignlli^  palladium  absorbs  as  much  as  BID  volnmee  of  hydrogen,  or  shout  0'7  p.i'.  of  il« 
own  weight,  which  closely  approaches  to  the  lonnstjon  of  the  cnmnoand  Pd.^H^  and 
probabiy  correspondB  with  the  formation  oi  palladium  hyilridt.  PdjH.  This  abi<ori>tion 
alio  lakes  place  at  the  ordinary  temperature — for  eismple,  when  palladium  serves  aa 
an  electrode  on  which  hydrogen  ia  evolved.  In  isbsorbing  the  hydrogen,  the  palladium 
does  not  change  in  appearance,  and  retains  all  its  metallio  properties,  onjy  its  volamo 
inczeoees  by  about  10  p.c, — thut  is,  the  hydrogen  pushes  out  sjid  nepsmtes  the  atoms  af 
the  palladium  from  each  other,  and  i>  itnull  compresned  to  ^  of  its  volume.  This  rom- 
preision  indicates  a  great  force  of  chemical  sttroction,  and  ii  a««mpBnied  by  the  evolu- 
lioD  of  best  (Vol.  I,  p.  141  and  p.  GW,  Xot«  ii).  The  kbaorbed  hydrogen  is  easily  dtcengaged 
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nation,  all  the  platinum  metals,  as  was  said  above,  under  the  acticm  of 

\ty  ij^nition  or  decreased  pressure.  The  resultant  com|K)i]nd  does  not  decompose  at  the 
onlinanr  temperatare,  bat  when  expose  1  to  air  the  metal  sometimes  glows  vponta- 
r.H(.iiHly,  owing  to  the  hydrogen  bam  ng  at  the  expense  of  the  atmospheric  oxygen.  The 
h\drr>gen  absorbed  by  palladiam  acts  towards  many  solutions  as  a  reducing  agent;  in  a 
\.<>rd,  everything  here  points  to  the  formation  of  a  definite  compound  and  at  the  same 
tiiiu?  of  a  physically -compressed  gas,  and  forms  one  of  the  best  examples  of  the  bond 
e.xJKting  between  chemical  and  physical  prrcesscs,  to  which  we  have  many  times  dimwn 
attention.  It  mast  be  again  remember  id  that  the  other  nietals  of  the  eighth  group, 
ewn  copper,  are,  like  palladiam  and  platir.nra,  able  to  comb.ne  with  hydrogen.  The 
[HTineubility  of  iron  and  platinum  tabes  to  hydrogen  is  naturally  due  to  the  formation 
of  Himilar  compounds,  because  palladiam  is  the  most  permeable. 

lihodium  is  generally  separated,  together  with  iridium,  from  the  residues  left  afta 

X\\f  treatmentof  native  platinum,  becau ^  the  palladium  is  entirely  separated  from  them, 

uiul  the  ruthenium  is  present  in  them  in  very  small  traces,  whilst  the  omnium  at  any 

nite  is  easily  separated,  as  we  shall  soon  see.     The  mixture  of  rhodium  and  iridiom 

which  is  left  undissolved  in  dilute  aqua  regia  is  dissolved  in  chlorine  water,  or  by  the 

at  tion  of  chlorine  on  a  mixture  of  the  metals  with  sodium  chloride.    In  either  caae  botS 

iiwtals  pass  into  solution.     They  may  be  separated  by  many  methods.     In  either  cate 

(if  the  action  be  aided  by  heat)  the  rhodium  is  obtained  in  the  form  of  the  chloride 

KliCl-,  and  the  indium  as  iridious  chloride,  IrClj.     They  both  form  double  salts  with 

stnlinm  chloride  which  are  soluble  in  water,  but  the  iridium  salt  is  also  partially  scdnble 

in  alcohol,  whilst  the  rhodium  salt  is  not.     A  mixture  of  the  chlorides,  when  treated  with 

clihite  aqua  regia,  gives  iridic  chloride,  IrClj,  whilst  the  rhodium  chloride,  RhClj,  re- 

iiiains  unaltered;  ammonium  chloride  then  precipitates  the  iridium  as  ammonium iridio- 

chl»>ride,  Ir(NH4)2Cl€,  and  on  evaporating  the  rose-coloured  filtrate  the  rhodinm  gives 

a  cr>'stalline  salt,  Rh(NH4)5Cle.    Rhodium  and  its  various  oxides  are  dissolved  when 

fused  with  potassium  bydr^^en  sulphate,  and  give  a  soluble  double  sulphate  (whilst 

iiiilium  remains  unacted  on) ;  this  fact  is  very  characteristic  for  this  metal,  which  offers 

many  points  of  resemblance  with  the  iron  metals  in  its  properties.     When  fused  with 

I  otassium  hydroxide  and  chlorate  it,  like  iridium,  is  oxidised,  but  it  is  not  afterwards 

hr>luble  in  water,  in  which  it  diflfers  from  ruthenium.     This  is  taken  advantage  of  for 

sfiarating  rhodium,  ruthenium,  and  iridium.     In  uny  case,  rhodium  under  ordinary 

conditions  always  gives  salts  of  the  type  RX-,  and  not  of  any  other  type;  and  not  only 

lia^ogen   salts,  but  also  oxygen   salts,  are  known  in  this  t^-pe,  which  is  rare  among 

t!:e  ]>Iatinum  metals.     Rhodium  chloride,  RhCl.-„  is  known  in  an  insoluble  anhydrous 

mid  uIho  in  a  soluble  form,  in  which  it  easily  gives  double  salts,  compounds  with  water 

of  cry^talli^ntion,  and  forms  rose-coloured  solutions.     In  this  form  rhodium  easily  gives 

double  salts  of  the  two  types  RhM-.d^  and  RhM^iClj— for  example,  K5RhCl^,8H,0  and 

K.^RhCl5,HoO.     Solutions  of  the  salts  (at  least,  the  ammonium  salt)  of  the  first  kind 

j^ive  salts  of  tin;  second  kind  when  they  are  boiled.     If  a  strong  solution  of  potash  ii 

jul<?«<l  to  a  rfd   solution  of  rhodinm  chloride  and  boiled,  a  black  precipitate  of  the 

hydnxde  Rh  OH)-  is  formed;  but  if  the  solution  of  potash  is  added  little  by  little,  it 

«;ives  a  yellow  precipitf.te  containing  more  water.     This  yellow  hydrate  of  rhcKlium  oxide 

;;;ve>j  a  yellow  soU.tion  when  it  is  dissolved  in  acids,  which  only  becomes  rose-coloured 

wftrT  iH'ing  boiled.    It  is  obvious  that  some,  as  yet  unknown,  change  here  takes  place, 

like  the  transmutations  of  the  salts  of  chromic  oxide.     It  is  also  a  remarkable  fact  that 

W.c  black  hydroxide,  like  many  other  oxidised  compounds  of  the  platinoid  metals,  docs 

I  .)t  (li- solve  in  the  ordinary  oxygen  acids,  whilst  the  yellow  hydroxide  is  easily  solable 

ji!iil    gives   yellow   solutions,   which    deposit   impj'rfcttly   crystallised    salts.      Metallic 

rh.fxlium  is  easily  obtained  by  igniting  its  oxygen  and  other  compounds  in  hydrogen,  or 

hy  prec  ipitation  with  zinc.     It  reben>blcs  platinum,  and  has  a  sp.  gr.  of  12'1.     At  the 

t  I. Unary  temperature  it  decomposes  fonnic  acid  into  hydrogen  and  carbonic  anhydride, 

v,!tii  development  of  heat  (Deville).    With  the  alkali  sulphites,  the  salts  of  rhodium  and 

irldiuin  of  the  type  RX3  give  sparingly-soluble  precipitates  of  double  sulphites  of  the 


THE  PLATISUM  METALS  357 

an  excess  ot  chlonne  or  of  oxrlising  agents  give  compounds  of  the  tjj'jie 

cotnpositinn  B<SOsMft)^H,0,  by  rneims  nl  which  tbeee  dhiLiIb  niuy  he  Bepumted  tr..i<i 
solntion,  Bnci  aJio  may  bn  uepiirotod  from  each  othpr,  for  a  miitnro  o(  these  Hiltii  wlisii 
treated  teilb  strong  BalpbnriB  Kid  gives  a  aolable  iridiam  aolphsite  and  lenroB  b  rrd 
JR«oIable  doable  salt  of  rliodium  Bud  aodmm.  It  is  farther  nua-Esary  to  remark  that  tha 
oxides  IriOx  lUid  RhjO,  are  comparatively  stable  nod  nm  very  often  foniied.  Than  the 
iridiou$  mride.  IrjOj,  ia  obtained  by  (using  iridious  cblorida  aad  its  compomidB  wiili 
Kodinm  carbonate,  and  treating  tlia  msSB  with  water.  The  oiide  ia  then  left  as  a  bUvk 
powdai,  wbidi.when  strongly  heated, is  decompostMl  into  iridium  and  oiygsn  ;  it  is  easily 
re4ii«ed.  and  is  inBolable  in  acids,  which  indicates  the  feeble  basic  abnracter  of  this  aiiile, 
in  many  rsHpects  reseinblini;  such  oxides  as  ooboltiu  oxide,  eerie  or  lead  dioxide,  dsc.  It 
does  not  dissulve  when  fused  with  potassium  hydrngea  Bolphate.  Rhodium  oiidH, 
RhgO],  is  a  far  more  eoergaUo  base.  It  diaaolves  when  faaed  with  polussiiim  hydc<>);eu 
sulphate. 

From  what  has  been  said  respoctitig  the  aeparBtion  o(  pUtiaum  and  rhodium  it  will 
be  ondsrstood  how  the  compounds  o!  iridium,  which  is  the  muin  aBsociu,te  of  piMiniiiu, 
are  obtained.  In  describing  the  treatment  ol  osioiridium  wo  shall  agaia  have  tin 
occasion  ol  learning  the  method  of  extraction  of  tlis  camponndB  of  this  metal,  which 
has  ia  recent  times  found  a  technical  application  in  the  form  of  ita  oxide,  ITjOj; 
this  is  obtained  from  rnnny  ol  the  compdHnds  of  iridium  by  ignition  with  water, 
and  IB  easily  reduced  by  hydrogen  and  is  insoluble  in  acids.  It  is  used  in  painting  ua 
chins.,  tor  giring  a  blach  cslour.  Iridium  itielf  is  more  diScnltly  fusible  than  platiimm. 
and  wbeu  (used  it  does  not  decompose  aiids  or  even  aqua  rogin;  it  is  extremely  hard, and 
is  not  nulleable;  its  »p.  gr.  is  31*1.  In  tha  (otid  of  powder  it  dissolves  inuqiu  regiii,  and 
ia  even  partially  oxidised  when  heated  in  air.  sets  fire  to  hydrogen,  and,  in  a  word,  closely 
resemble*  platinum.  Heated  in  an  excess  of  chlorine  it  gires  iridic  ohlonde,  IrCl,.  but 
this  loses  uhhoine  at  W;  it  is,  however,  raore  >t«ble  in  the  form  □(  double  sal ti,  bat 
they  gira  Iridious  chloride,  IrClj,  when  treatel  with  sulphuric  acid. 

We  have  yet  to  become  aoqaaiuted  with  the  tnn  remsining  associates  of  platinum — 
ruthenium  and  osiuium — whose  most  important  p-roperly  la  that  they  are  oxidised  ei  en 
when  healed  in  air,  and  that  they  are  able  to  give  I'uiud'Ie  oxides  of  the  form  BuO^  ami 
ObO,  1  these  have  a  powerfnl  odour  (like  iodine  and  nitrous  anhydride).  Both  these 
higfaer  oxides  are  solids ;  they  volatiliaii  with  great  euse  at  100°  ;  the  former  ia  yetluw 
and  (he  Utter  white.  They  are  known  as  nilhenie  and  uimtc  aiiht/dridea,  ajthongh  their 
■qneous  solutiona  (they  both  atowly  disaolvQ  in  wsterj  do  not  ahow  an  acid  reaction,  and 
•ithough  they  do  not  eren  expel  carbonic  anhydride  from  potsssium  carbuuate,  do  not 
give  cryatalline  salts  with  bases,  and  their  alksline  aulutiona  partially  depoait  theni 
agaJD  when  boUad  (an  excess  of  water  deoompO'ieis  the  nalta).  The  formnhe  OsO^  und 
RuO,  oorroBpond  with  the  vapour  density  of  these  oxides.  Thus  Deville  found  tha  vapour 
deniity  of  osmio  anhydride  to  be  1118  (by  the  formula  IST'G)  referred  to  hydrogen.  Tannaiit 
and  Vauqaehndlasovered  this  oomponnd,  and  BeizahUB,Wub]er,Fritxao!ia,Stmv(',I>evilli-, 
Clans,  and  others  helped  in  its  investigation  ;  nevertheless  there  are  still  many  questions 
ooncaming  it  which  remain  unsolved.  It  slioold  be  observed  tlutt  BO,  is  the  highest  known 
tonu  for  an  oxygen  componnd,  and  BHi  ia  the  highest  known  form  for  a  compoond  iif  liy- 
drogen;  and  the  highest  forroe  of  acid  hydrates  contain  SiHjO,,  PHjO,,  SH,0,,  CIHO.— 
all  with  four  atoms  of  oxygen,  and  therefore  in  this  number  there  is  apparently  the  limit  (or 
the  simple  forms  o(  combination  of  hydrogen  and  oxygen.  For  isveral  atoms  of  an  element 
or  for  several  elements  there  may  bo  more  thou  O^  or  H,,  hnt  a  molecule  never  ountains 
more  (4  one  atom  of  another  elemeut.  Thus  the  si  raplest  forms  of  combinatioD  of  hydro- 
gen and  oxygen  are  eihaualed  by  the  list  RH„  BH,,  BH«  BH,  BO,  B0„  BOj,  BO,.  The 
extreme  members  are  RHi  and  B0„  and  are  only  mot  with  for  suoh  olemeats  as  carbon, 
ailicon,  osmiam,  inthenium,  which  also  give  R::!,  ivith  chlorine.  In  these  extreme  forms, 
BH,  and  BO„  the  compounda  are  the  least  stable  (compare  SiH„  PH,,  HU^  CIH,  or 
BuO„  UuO],  ZrO.j,  BrO),  and  easily  give  up  part,  or  even  all,  their  oxygen  or  hydrogen. 

The   jitidiiiry   source  from  whi^li  the  ijompounds   of  .ruthenium  and   oamiuiu    are 
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'RX^ — for  instance,  RO^,   BCl^,  Ac.     This  is  the  bigliest  form  for 


ootJiLn.-^  in  ttitber  otniiridium  the  omninm pred :-mIn;&tes«  fromlxOi  to  IfO*^,  sp.  gr. 
l^f  to  il-.  which  ocean  in  pLfctinam  ore*  \it  u  distingoLfthcd  from  ^he  grains  of 
bj  itii  rry *tar,i!ie  iauctare,  hArdofesiS  And  iasolnbilitj  hi  aqoA  regi«»,  or  dae 
^olnblfe  re*ifi:2rr3  vhich  &re  obtained,  ««  we  saw  Abore.  after  tzeatxng  plAtznaak  with 
ri^Ia.    0<i;rL;3Jzi  predominAtes  in  these  mAteriAU.  which  aometime*  contain  from  90  pte. 
tr.  -10  p^.  of  is,  ani  rarelj  more  than  4  px.  to  3  px.  of  mtheniom.    The  procea—  for  their 
treatment  i.4  an  follows:  ther  are  first  fosed  with  6  ports  of  zinc,  and  tike  zinc  thai 
extracted  with  dilate  hjdrochloric  acid     The  o^niridiom  thas  treated  ia,  aeeocdiag  to 
Fhtzache  and  Strave's  method,  then  added  to  a  fa^ed  mixtare  of  potaMimn  bjdiazideaBd 
chlorate  in  an  iron  crncxble ;  the  mass  as  it  begin:»  to  eTolve  oxjfgeu  acts  oo  the  mctel, 
and  the  reaction  afterwards  goes  on  anaided.    The  daric  prodoet  is  treated  with  water, 
and  gives  a  solotion  of  ocmiam  and  ratheniam  in  the  form  of  eohible  sahs  B^OsOi  and 
R^RqO^.  whilst  the  insoluble  residue  contains  a  mixtare  of  oxides  of  irfdinm  laad  aoBe 
o^miam,  rhodiam,  and  ratheniam  >,  and  grains  of  metallic  iridiom  still  onacted  on.  Aeeoid- 
in^  to  Fritr^che's  method  the  lamps  of  osmiridiam  are  straightwaj  heated  to  whitenes 
in  a  porcelain  tabe  in  a  stream  of  air  or  oxrgen.  when  the  rerj  rolatile  osmic  aahTdnde 
i^  obtaice«i  directlj,  and  is  collected  in  a  well-cooled  receiver,  while  the  ratheniuB  gives 
a  cryntaHine  sablimate  of  the  dioxide.  RaO>  which  is,  however,  very  difficaltlj  Tobtik 
lit  roLkZilises  together  with  osmic  anhydride',  and  therefore  remains  in  the  cooler  portioni 
of  the  tab^ ;  this  met  jod  does  not  give  volatile  raihenic  anhydride,  and  ^he  hridiam  and 
other  metals  are  no<  c  zidised  or  give  non- volatile  prodaots.    This  method  is  «impl»^  and 
at   once  gives  dry,  pare  osmic  anhydride  in  the  receiver,  and  mtheniam  dioxide  ia 
the  sublimate.    The  air  which  pas^s.^s  throogh  the  tabe  should  be  previonaly  paeeed 
throa^h  salpharic  acid,  not  only  for  the  sake  of  drying,  bat  also  to  remove  the  ofganie 
and  ri^ocing  dast.     The  vapoor  of  osmic  anhydride  mast  be  powerfully  cockled,  and 
nltLmjit^Iy  passed  orer  caustic  potash.    A  third  mode  of  treatment,  which  ia  most  fre- 
'{oently  employed,  was  proposed  by  Wuhler,  and  consists  in  slightly  heating  (in  order 
that  the  sndiam  chloride  should  not  volatilise*  an  intimate  mixture  of  osmiiidinm  and 
<-<^»mmon  salt  in  a  stream  of  moist  (undried»  chlorine.    Tlie  metals  then  form  compounds 
with  chlorine  and  sodium  chloride,  whilst  the  osmium  forms  the  chloride,  OsCl|,  whidi 
r^act.^  with  the  moisture,  and  gives  osmic  anhydride,  which  is  condensed.   The  ruthenimii 
in  this,  as  in  the  other  processes,  does  not  dtrecCly  give  rutheni?  anhydride,  but  is  ahrap 
«*xtract€d  as  the  soluble  ruthenium  salt,  KjRuO^  obtained  by  fusion  with  potassioni 
hydroxide  and  chlorate  or  nitrate.    When  the  orange-coloured  ruthenate,  £L}RuO«,is 
iiiixe<l  with  acids  the  liberated  ruthenic  acid  immediately  decomposes  into  the  Tolatile 
riithenic   anhydride    and    the    insoluble    ruthenic    oxide :  2K.>Ru04  +  4ED«03  =  B11O4 
-  RaO,;,2H20-4KX05.     When  once  one  of  the  above  compounds  of  ruthenium  or 
r^-rninm  is  procured  it  is  easy  to  obtain  all  the  remaining  compounds,  and  by  redociioii 
iby  metals,  hydrogen,  formic  acid,  &c.)  the  metals  themselves. 

Osmic  anhydride,  O8O4,  is  very  easily  deoxidised  by  many  methods.  It  blarlrtf** 
oT'^^&n'ir  substances,  owing  to  redaction,  and  is  therefore  used  in  investigating  vegetable 
find  animal,  and  especially  ner>'e,  preparations  under  the  microscope.  Although  oemie 
anhydride  may  be  distilled  in  hydrogen,  still  complete  reduction  is  accomplished  when  a 
mixture  of  hydrogen  and  osmic  anhydride  is  slightly  ignited  (just  before  it  inflamea).  If 
r>sminm  )je  placed  in  the  flame  it  is  oxidised,  and  gives  vapours  of  osmic  anhydride, 
which  are  reduced,  and  the  flame  gives  a  brilliant  light.  Osmic  anhydride  deflagrates 
like  nitre  on  red-hot  charcoal ;  zinc,  and  even  mercury  and  silver,  reduce  osmic  anhydxide 
from  its  aqueous  solutions  into  the  lower  oxides  or  metal ;  such  reducing  agents  as 
liydrogen  salpliide,  ferrous  sulphate,  or  sulphurous  anliydride,  alcohol,  ^c,  act  in  the 
same  manner  with  great  ease. 

The  lower  oxides  of  osmium,  ruthenium,  and  of  the  other  elements  of  the  platinum 
Reries  are  not  volatile,  and  it  is  very  worthy  of  remark  that  the  other  elements  present  a 
different  phenomenon.  On  comparing  SOj,  SO3;  Aa,05,  -^^jOi;  PjOj,  PtQj;  00,  COi, 
Arc,  we  obaerre  a  converse  phenomenon;  the  liigher  oxides  are  less  volatile  than  the 
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platmum  and  palladium."'     The  remaLning  platinum  metals  further, 
like  iron,  ffive  aeida  of  the  type  IlOj,  ar,  more  correctly,  H^RO,^ 


volatile,  and  it  may  tlisrefore  be  tboDgbt  that  this  higher  (Drm  \»  more  Biiopl;  cotiittitated 
tliau  tlie  lower.  Perbapa  osiui.:  oliile,  ObOj,  BUnds  in  the  Bame  relatioa'to  the  anhy- 
dride u  C^  to  CH,— i.«..  parh»pfi  llie  lowet  oiide  i«  Os,0.,  or  prmeuts  a  stiU  liigher 
pulytneriHtn,  aod  it  will  then  bs  andfratood  how  the  tower  oiidei.  having  a  greater  mole- 
cular wgiglit,  are  leas  volatile  thaa  tbo  higher  oiidea,  just  aa  we  aaw  in  the  cue  of  the 
oitrogen  otides,  KgO  and  NO. 

Bulkenium  and  aimiiim,  obtained  by  the  ignition  or  reduction  of  their  coiDpoundaia 
a,  toitn  of  powder,  have  a  deiuit;  oonsiderably  less  than  in  the  fused  form,  and  diSet  in 
thii  form  in  thoir  cupiwity  for  reaction  ;  the;  are  mnoh  more  difflonltlj  fused  than 
platinnin  and  iridium,  although  ruthenium  ia  uLore  fusible  than  oamium.  The  powder 
of  TUtheDJom  li>s  a  BpeciBo  gravity  of  B*S,  the  fated  metal  of  ll'l ;  oimium  in  ponder 
has  a  Bpecifia  gravity  of  20'(l,  and  when  uemi-fased— or,  more  etiiolly  apeaking,  agglo- 
merated— in  the  oiy-hydrogen  Same,  of  Hi,  The  powder  nt  sUghtiy-heatod  osmium 
oiidiHB  very  easily  io  the  air,  and  when  iguited  bama  like  tiuder,  directly  forming  the 
odorUeroUH  (heuee  its  muua,  from  the  Greek  word  eignifying  odour)  osmio  anhydride; 
ruthenium  also  oiidisea  when  heated  in  air,  but  with  mora  diffiuulty,  forming  the  oiide 
BuOj.  The  oiidea  of  the  types  RO,  B,0],  and  RO}  (and  their  hydrates),  obtained  by 
reduction  from  the  higher  otides,  and  alHo  from  clUorideH,  are  analoguas  to  those 
given  by  the  other  platinum  uietale,  in  which  raapect  oamium  and  rntheainm  oluasly 
resemble  them.  Vfe  may  also  remark  that  ruthenium  has  Ijuen  Found  ia  the  platinnm 
deposits  of  Boroeo  in  the  form  of  laurile,  Kfl^,  in  grey  octahedra  of  sp.  gi.  T'D. 

Debray  and  Joly  showi-d  that  ruthenic  enhy-dride,  BuO^,  fuses  at  36^  boila  at  100°, 
and  evolves  oiygsn  when  dissolved  in  potash,  (orniing  the  salt  KBuO^  (not  iaomorphooa 
with  [Mtaenium  pennanganale). 

■o  Although  palladium  gives  the  same  typ«e  of  combination  (with  chlorine)  ai 
platinum,  its  reduction  is  incomparably  easier  thiui  that  of  platinic  chloride,  and  in  Uis 
case  of  iridium  it  ia  atill  more  so.  Iridic  alilorida,  IrCl,,  acts  as  aa  oiidiaing  agent, 
readily  parta  with  a  fourth  of  its  chlorine  to  m,  number  of  suhatanpes,  readily  evolnes 
ohioriue  when  heated,  and  it  is  only  at  low  temperatures  that  chlorine  and  aqua  regia 
ooQVert  iridium  Into  iridin  chloride.  In  disengaging  chlorine  iridiuca  more  oft^u  and 
easily  gives  the  very  stable  iridions  chloride,  IrClj  (perhaps  this  substaace  is  Ir,Cls 
^''IrCl^trCIf,  insoluble  in  water,  but  soluble  in  potassium  chloride,  because  it  forms  the 
double  salt  KjlrClg),  than  the  dichloride,  IrCl,.  This  compound,  correBponding  to  trXi, 
is  very  stable,  and  corresponds  with  the  banc  uxida,  ItiOj,  resembling  the  oxides  ^Afii, 
CogO].  Hence  to  this  form  Chare  correspond  unimoniacal  compounds  similar  to  those 
given  by  cobaltic  oiide.  Although  iridium  also  gives  an  acid  in  the  farm  of  the  salt 
K}lr]07,  it  does  not,  like  iron  (and  chromium),  lorm  the  correBponding  chloride,  IrClfl. 
In  general,  in  this  as  in  the  other  elements,  it  is  impossible  to  judge  the  chlorine  com- 
pounde  from  those  with  oxygen.  Just  as  there  is  no  chloride  SC!1«,  but  only  SCIj,  so  also, 
ulthongb  IrO}(BO).i  does  exist,  still  IrCle  is  wanting,  and  it  only  gives  IrCl,,  and  this  is 
nnstable,  like  SCLj,  sud  easily  parts  nith  its  chlorine.  In  this  respect  rliodiam  is  very 
much  like  iridium  (as  platinum  is  like  palladium).  It  does  not  seem  to  form  Che  chloride 
BhCl,  at  all  (it  probably  decomposes  with  exCreme  ease)  whilst  rhodium  ahloride,  BhCIj, 
is  very  stable,  like  majiy  ol  the  salts  of  the  type  RbXj,  although  after  tlie  manner  of  the 
platinum  elements  these  salts  ore  easily  reduced  lo  metal  by  the  action  of  heat  and 
powerful  reagents.  There  is  as  close  a  resemblance  between  osmium  and  rutheniuin. 
Osmium  whan  submitted  to  Che  action  of  dry  chlorine  gives  osmic  chloride,  OsCV^* 
tbe  latter  is  converted  by  water  (as  is  oamium  by  moist  chlorine)  hito  osmic  anhydHde, 
although  the  greater  portion  is  then  decomposed  into  Oe(HO),  and  IHCl,  like  a  chloran- 
hydrido  ol  an  acid.  In  general  this  add  charaotur  is  more  developed  in  osmium  than  in 
platinom  ud  iridioai.   Slaving  paitgd  with  cli]tini>«,  oemio  Dhloride,  OaCli,  girea  tba  tm- 
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EO^'HO>2  ^the  type  of  salphoric  acid):  but  ther.  like  ferric  and 
inaDzanic  acids,  are  o&lv  known  in  the  form  of  salts  of  the  compositioB 
K2RO4  or  KjR^O;  (like  the  dich^omate^  These  sahs  are  obtained, 
like  the  mangaoates  and  ferrates,  bv  fusing  the  oxides,  or  enen  the 
metals  themselves,  with  nitre,  or,  better  stilL  with  potassium  penuddcL 
Tber  are  soluble  in  water,  are  easilv  deoxidised,  and  do  not  rield  the 
acid  anhvdrides  under  the  action  of  acids,  Imt  break  up.  either  (like  the 
{ffTTSLXe)  forming  oxvgen  and  a  basic  oxide  <  iridium  and  rhodiam  react 
in  this  manner,  as  thev  do  not  give  higher  forms  of  oxidation),  or 
passing  into  a  lower  and  higher  form  of  oxidation — that  is,  reacting 
like  a  manganate  (or  partlv  like  nitrite  or  phosphite).  Osmium  and 
ruthenium  react  according  to  the  latter  form,  as  they  are  capable  of 
giWng  hvjlt^r  form$  of  oxi/iaUon  OSO4  and  RuO^,  and  therefore  their 
reactions  of  decomposition  may  be  essentially  represented  by  the 
equation:  20sO,=OsO,-|-Os04. 

Platinum  and  its  analogues,  like  iron  and  its  analogues,  are  able 
to  form  complex  and  comparatively  stable  cyanogen  and  ammonia 
comprjunds,  corresponding  with  the  ferrocyanides  and  the  ammo- 
niacal  com[x>UDds  of  cobailt,  which  we  have  already  considered  in  the 
preceding  chapter. 

If  platinous  chlcMide,  PtCl^  (insoluble  in  water),  is  added  by  degreei 
to  a  solution  of  potassium  cyanide,  it  is  completely  dissolved  (like 
silver  chloride),  and  on  evaporation  the  solution  deposits  rhombic 
prLsms  of  potassium  plaiinocyanide,  PtK<(CN)4,3H20.  This  salt,  like 
all  those  corresponding  with  it,  has  a  remarkable  play  of  colours,  due  to 
the  phenomena  of  dichromism,  and  even  polychromism,  natural  to  all 
the  platinocyanides.  Thus  it  is  yellow,  and  reflects  a  bright  blue 
light.  It  is  easily  soluble  in  water,  effloresces  in  air,  then  turns  red, 
and  at  100^  orange,  when  it  loses  all  its  water.  The  loss  of  water 
does  not  destroy  its  stability — that  is,  it  still  remains  unchanged,  and 
its  stability  is  further  shown  by  the  fact  that  it  is  formed  when 
j>otassium  ferrocyanide,  K4Fe(CN)g,  is  heated  with  platinum  black. 
Tlris  salt,  first  obtained  by  Gmelin,  shows  a  neutral  reaction  with 
litmus  ;  it  is  exceedingly  stable  under  the  action  of  air,  like  potassium 
ferrocyanide,  which  it  resembles  in  many  respects.  Thus  the  platinum 
in  it  cannot  be  discovered  by  reagents  such  as  sulphuretted  hydrogen ; 
the  potassium  may  be  replaced  by  other  metals  by  the  action  of  their 
salts,  so  that  it  corresponds  with  a  whole  series  of  compounds  B2Pt(CN)4i 

Ktable  tric)ilr)ride,  OsClj,  and  the  stable  soluble  dichloride,  OsCl^,  which  corresponds  with 
platinouH  chloride  in  its  properties  and  reactions.  The  relation  of  mtheninm  to  the 
halo}(enH  in  of  the  same  nature.  These  are  the  most  important  facts  regarding  the  fonnt 
of  combination  of  the  platinum  metals. 
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and  it  is  stable,  although  tlie  potassium  cyanide  and  platinous  salt,  of 
which  it  is  composed,  individually  easily  undergo  change.  'When 
treated  with  oxidising  agents  it,  like  the  ferrocyanide,  passes  into  a 
higher  form  of  combination  of  platinum.  If  salts  of  silver  be  added 
to  its  solution,  it  gives  a  heavy  white  precipitate  of  silver  platino- 
cyanide,  PtAgj(CN)|,  which,  when  suspended  in  water  and  treated 
with  sulphuretted  hydrogen,  enters  into  double  decomposition  with 
the  latter  and  forms  insoluble  silver  aulpbide,  AgjS,  and  soluble 
hydroplalinoeyanic  acid,  HjPt(CN),.  If  potassium  platiaocyanide  is 
mixed  with  an  equivalent  quantity  of  sulphuric  acid,  then  the  hydro- 
platinocyanic  acid  liberated  may  be  extracted  by  a  mixture  of  alcohol 
and  etber.  The  ethereal  solution,  when  evaporated  in  a  desiccator, 
deposits  bright  red  crystals  of  the  composition  PtHj(CN)„5H,0.  This 
acid  colours  litmus  paper,  liberates  carbonic  anhydride  from  sodium 
carbonate,  and  saturates  alkalis,  so  that  it  presents  an  analogy  to 
hydroferrocyanic  acid." 


"  Thisftcid  chomcter  is  eipUined  by  the  inflnenca  otthe  platinoin  on  Ihe  Lydrogen, 
uid  by  the  »tt«4roent  o(  tlie  lyuiogi-n  (troniis.  Thus  cyinuric  onid,  Hj(CN]j03,  is  ui 
CDorgetic  acid  compared  wtlh  eyanit  acid,  HCNO.  And  the  lonnatiQii  nt  a  Liimpuund 
with  fire  molecatea  of  water  at  cryBtaltiution  confiniiH  tbe  opinion  that  pUlinam  'ut 
kbia  to  {orm  componnda  of  atiU  higher  types  Ihaa  that  eipronwd  in  its  (uUine  pDuipounds. 
and,  moreoTflr,  the  combination  o[  hydroplatinocyanic  acid  nith  water  doeii  nut  reftcU 
th«  limit  o(  tha  componnda  which  appear*  in  PlCl^  ,2HCl,0H.,O. 

A  whole  aeriea  of  plalinoti/anidei  of  the  conuDOD  type  Ptm(CN)«nHgO  nre  obtained 
by  meuu  of  double  decompoaitioDH  with  the  potanBiiun  Dt  hydrogen  oi  tiller  wits.  For 
example,  the  «alta  o!  lodinni  and  lithium  contain,  like  the  potassium  ealt,  three  molecnlea 
of  water.  The  Hodium  salt  in  wloble  in  water  and  alcohol.  Tbe  unmoniom  salt  hti  the 
compontian  Pt(NHi),(CNIi,lHiO,and  gives  cryatalH  which  reBect  bine  and  rou-Dalound 
light.  This  ammoninm  suit  decomposes  at  SDO°,  with  evolntion  of  w«t«T  and  animonimn 
ojaoide,  leaiing  ■  greeiiish  platinum  dicyanide,  Pt(CN|g,  which  in  inaolahle  in  water 
and  acid  bat  dissolves  in  potUBsinm  cyanide,  hydrocyanic  acid,  and  other  cyanides.  Tbe 
aame  platlnoaa  cyanide  is  obtained  by  the  action  of  inlphurlc  acid  on  the  potossinm 
saita  in  the  [arm  of  a  reddish- hrown  unorphons  precipitate.  The  most  charac terislic  of  the 
pUtinocyanides  are  Iboseof  the  alkaline  earths.  The  magnesiom  salt  PtMg(CN)i,IH.jO 
crystallises  in  tegular  prisms,  whose  tide  faces  are  of  a  metollio  green  colour  and  tenniual 
pUnes  dark  blue.  It  shows  a  carmine-red  colour  along  the  main  axis,  and  dark  red 
along  the  lateral  axes;  it  easily  loses  water,  aB.,0.  at  *0^.  and  then  turns  blue  (it  then 
ODDtaJns  GH]0,  which  is  frei|nently  the  case  with  the  platinocyanides).  Iti  aqueous 
■oInlioB  ia  colourless,  and  an  alcoholic  tolution  deposits  yellow  crystals.  The  rcDiaindeT 
of  the  water  in  given  off  at  380°.  It  la  obtained  by  satDcating  pUtinocyauic  acid  with 
magnesia,  and  by  double  decomposition  between  the  barium  salt  and  niagneeium  an)- 
plute.  The  nrantium  salt  8rPt(CN),.4H,0  crystallises  in  milk-white  plates  having  a 
yiolet  and  green  play  ol  colours.  When  it  efflorewes  in  •  desiccator,  it*  surfaeea  have  a 
riolet  and  metallic  green  play  of  coloura.  A  coloarleis  solutiuu  of  tbe  bariiua  eolt 
PlBa(CN)4,4H,0  is  obtained  by  saturating  a  solution  ol  hjdroplatinocyaoip  ocid  with 
bftrjrto,  or  by  boiling  the  inaoluhle  copper  platinocyanido  in  baryta  waler.  It  cryaUUises 
in  monoctinio  prisms  of  a  yellow  coloar,  with  blue  Eind  green  retlectioDS ;  it  loses  hall  its 
water  at  100°,  and  the  whole  at  IBO^.  Ethyl  eiso  gives  ft  very  choraclcriitic  lalt, 
Pt(CiH)),(CN)4,9H]0,  whose  cryitola  are  isomorphotiB  viUi  tboH  ol  the  potaeoiiuu  salt, 
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As  Aninkjaia^  like  poCuKTZzn  cj 
Vj>z^  so  the  cqmbiT^an'on  •:•£  &  platiiLuii 


B -  i>r  Ac^ica  :f  dUticj*  :n.  iijzaft  sizae  iciiL  i=«  giahmirij 

tar*'-  -rrrrrrw  icis  ??*  <3<  &  nca-ezidfiezLS  &:co.  •:£  cr-iStSiTt  o< 
Pv'j-  .  ;•:■£  u  >:ci«£33i  fleer cT&ajiae  F'HZt^AKCt  cci-^ 

c:c-.4  -  «  rti-CX  -^E^'j.  ASti  'rmn  tmwa  rvfxixr  p 
«t:i V.  .■?   Ji  VA;2£r  cons   issici.'^cue  :2.  a^tTf:*!*:!.      %  ni  *  n 

lA  1^  -.*    f  i-ru  rrpe  PJCjC j^      Ti-o*  tin*  a^lsif  :£  c<« 
Ai«i  -— -  -o-i  :f  =:A^=*t?«iX3.  *tT«c  znz'uKiije*  ■;{ 

C71:::  .:-=.   tr.c^casti  eccre«g*:ri'  -g  v:::£  «iu  cxjii*.  i^.  2ATi3;{  Ham  eoBpoKSum  Pl&A^ 
-jzA'.   h.'.    'isj'Ti  iLTi  zy.  ■:i:crpc(:^is  '"--g^^r  ^caa  iI:i:«»  viLicit  cccwpcad  w  BCjjiOfCf 

Li^i-rrrii.  IT  j".  *j^=:/t=.-  IT*  iirtr*  j-rt  k=ii:«ra.  Aaj  jti-j-cj 
^;i,-*_-r.i"»  .i  -.^i-Zi  c-:=  f  r    Or  rr-izr -rLtt^z  zt  13*  ^*>Tr.«;a.   T^ 

^-.L  -  ^i    'hzy.'Z'tzL  !l->.r->>-.  jjc.     Ii  -^  L^  aec^-^rirr  v  ncn  sneBSua  to  the  fact  tfait 

— ijTr  i1j<    A^.i>t  «:    TtciJiJZA  v.iii  A  LkTrsT  pr:  :«:Rkf:i:  ci  gcgaarm  <y»naie  '.bttt  ■ot  rf 

i.'   '.  r.zH^  Cy  ^.  vl^c  11  fr-.'.^'clit  :::.  wis«r  AZfi  aL>.-i:^:L  lad  iiHL»mjmb  viih  tike  mIh 
i£^F. >  .  N  ^-   r2^=r*  iJ*  ti^ilj  a  -   at  :-«cijc  .xcipi-z:^**— ior  esis{tae«  K^Ob CX-«JH^ 

T-.tl  :•  ik»:^z=.  5e;r:<?Az^ic.  K^Fe  CX  ^^.^H>0.  =*:c  cclj  ^  tcieir  eoBpoKticB  b«l  •!«> 

* —  ' \z : •  •^iiif : ^  i^ tbe  eixril fr: ^^  bi :£* ;«r^>ix- »?"!£«=.  For HftTdmn  and zndiBm tkarr 
«r^  £-  T^  ccIt  mIk  cf  tbe  lAziifr  tj]^<  &±  tbe  ftrrxT-A^jiM.  H^BCj^  aad  for  prtyK— 
<:=^j  .5  \iJt  zjyt  M^PdCj^.  vh.-:*:  &re  &=a^:^:c«  V:  ibe  pLuir.32  saltft.  la  all  thu  oae 
■-j^"  -  :  L-^i  TUrt  &  f'.Kt?^  •^'Tj  </  :''.<f  Tyi^j  cf  ikit  d.-crCie  cjAziioeft.  In  tike  eighth  grcNipve 
Lft'r  .r  ::.  LAfkJi.  cick^l  oc-^per.  ^rd  ibedr  &=ju.>:3e«  rsihic^iaa.  xbodiom.  paUadnB* 
i^Trr.  i.:.i  ▲!«>:■  .•czJ'sn. ir>i.-3=i.  p'.Arz3=.  f -^-^  ^^  d:cb*j«  rjiriiVi  lY  xtob. rathcaini, 
c«=L.-—  r_kTe  ibft  :tj*  K4R  CN  .; :  ci  ccokli.  rti:«i:3n.  .r.diu=.  The  Type  K^CXti;  of 
cjoxtL  ; ^..fctiT-r-.,  y.xzjLi=.  tl<r  :Tp«  K  Ji  CN  4  &i:d  K^B  CN  -  :  asd  for  cofifwr.  iflw, 
^:Ii  \:.iZt  ijr>&  KZtVw^  KB  CN  ^  «->  tla:  ibe  f7>e*rrctf  <^  4. 1.  i.  azkd  1  atcottoi 
:r:  lL?  :..Ai:«r  pr:^^n:ca  c»:-rres:pi:i:^  viih.  :he  vfder  cf  lh«  el«=4tm«  :a  the  periodk  17 
Td.'F'r  tr:**s  vLju.  v«  Lave  aMrn  in  the  fcrxvxyAz^cks  aai  f«ricTiriVf  of  iim  icpMt 
thcz^j^lTTi  iz.  4II  ibe  f -laL^-'-yi  r^eikl*.  aad  thi»  invcl-'^tarilT  i^e^is  ooe  to  eondnde  that 
thr  f .  m^L.Ti  cf  fTJ'iar  fo-oikll«d  actable  sails  is  d  exacCy  ihe  saae  Batue  aa  that  di  tht 
cr>Li.ArT  a^ift.  If.  f :?  the  expre«a:->::  of  tb«  bocjd  of  ihe  elea^sts  in  the  oxrgcm  aaltaioae 
r«vv '.-!.•«-•»  iLe  exiitez^:*  cf  a:;  a^K«ck«  fr^^iJai^  hydr.-iyl  pvxip  ,  in  which  the  hydrofca 
ii  re;  Lfc  -i  by  a  m«lal :  tbec  we  hare  ccily  to  arply  lh^«  =>coe  cJ  expvescacn to  the  double 
fall-  ii. :  ti-e  ar^c^y  will  be  ccTicaa.  if  we  only  Krsenber  that  Cl^  i.CX  i^  SO4.  Ac^  a» 
eq;i:v«.-T.:  lo  O.  a«  we  fee  in  BO.  BC^  BSO«.  Ic.  Theiefore,  whef«T«r  OH  ean  he 
placvL  there  we  can  alao  place  CXJL  ;CN.tH.  SO4H,  Ac  Th«a  the  doable  «h 
Slg^O^JL.-SOf,  according  to  thia  reaacaing.  may  U  cowiled  aa  a  whrtaary  of  the  wamm 
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just  such  stable  cotnpounda  as  are  obtained  by  means  of  tbe  cjanogen 
compounds.     But  as  ammonia  does  not  coniain  any  hydrogen  easily 

type  u  HgCIa,  namely,  -Mg(SOtK)i.  and  the  nlumi  as  containing  A1(0HK8Oj), namely, 
u  Al(804K)|SOil.  It  »  also  poaBibla  to  take  the  water  of  oryiitalliBatioii  into  acconnl 
liere.  It  raaj'  also  be  inlrodoeod  into  snch  formu.!«  aa  the  above,  bot  we  will  not  linger 
over  this  digroiuion  and  only  apply  tliese  oonaiderationa  to  the  typo  of  the  (errocyonideB 
aiid  (etriryiuiidBB  and  their  platinum  soologues.  Such  a  salt  aa  K,PlCy4  tbetefore  may 
be  regudecl  hb  Pt(Cy^)„  like  Ft(OH). ;  and  BU-cb  a  salt  wi  PtK.,Cy,  at  PtCy(Cy,K)^ 
tlie  Bnatogae  of  PtX(OH)„  or  AlX|OH)„  and  other  compounda  ol  the  type  BX,. 
PotBBsinm  feiriiTyBjiide  and  the  analngona  compoandi  oi  cobalt,  iridium,  and  rhodiam, 
belong  to  the  Bome  type,  with  the  Bwne  diflxrence  as  there  is  between  RX(OH),  and 
B(0H)3,  becaoBe  FeSjCy,  ^  Fe(Cy,K)v  Irnniting  mysell  to  these  conBideratlone. 
Iihii:b  may  partially  elucidate  the  nature  of  double  salts,  I  will  now  posa  again  to  the 

On  uiiiinga  Bolutiouof  potaeBiam  thiocyanate  with  a  salution  ot  poUsBiain  pldtinoso- 
chloride,  K^tCI^,  they  form  a  double  tbiocyannte,  PtK.,tCNS)4.  which  is  eadily  eolulle 
in  water  and  alcohol,  I'ryatalliaes  in  red  pnsmB,  ^nd  gives  an  onnge-cotoured  Bolntion, 
which  precipitates  salts  of  the  heavy  metali.  The  action  of  sulphuric  acid  on  the  lead 
wit  of  the  eame  type  gives  tlie  acid  itself,  PtHjlSCN),,  which  correspondii  with  these 
salta.    Tbe  typo  of  Iheae  compounds  is  evidently  the  some  as  that  of  the  cyanides. 

PlaCiaoiu  chloTidr,  PtCl,,  which  is  insolnbla  in  water,  forms  doubltialU  icilh  tha 
mtlaUic  chioridet.  Tbene  doable  chlorides  are  aoluble  in  water,  and  capable  o(  crystal- 
liaing.  Hence  when  a  hydrocblocic  acid  solution  of  pUtinous  chloride  is  mixed  with 
•olaLions  ol  metallic  ealta  and  evaporated  it  foTms  crystalline  salts  of  a  ted  or  yellow 
i«loiir.  Thus,  for  eiample,  the  potaasinm  salt,  PlK.jCl,,  ia  red,  and  easily  soluble  io 
water;  the  sodium  salt  is  also  aoluble  in  alcohol;  the  barium  salt,  PtBaCl4,8H50,  ia 
soluble  in  water,  but  the  silver  salt,  PtAgjCl,,  is  msoluble  in  water,  and  may  be  used 
for  obtaining  the  remaining  salts  by  means  of  double  decomposition  with  their  chlorides. 

A  remarkable  eiamplo  of  the  complex  compounds  of  platinum  was  observed  by 
Schiitzenberger.  He  showed  that  finely-divided  platinam  in  tbe  presence  of  chlorine 
and  carbonic  oxide  at  SOO'^  gives  phosgene  and  a  volatile  compound  containing  platinum. 
A  similar  Babstsuce  is  formed  by  the  action  of  carbonic  oxide  on  platinoDa  chloride. 
It  is  decompuBed  with  explosion  by  water.  Carbon  tetrachloride  disaoliea  a  portion  of 
thia  aubstonce,  and  on  evaporation  gives  crystals  of  SPtCl^aCO,  wbilat  the  compound 
PtCl^aCO  remains  undisaolved.  When  fused  and  subhmed  it  gives  yellow  needles  ot 
PtCl3,CO,  and  In  the  presence  of  an  excess  of  carbonic  oxide  PtCl„aCO  is  formed.  These 
compounds  are  faaible  (tbo  first  at  350=',  the  awond  at  143°.  and  the  third  at  1RE°|.  In 
thii  case  (as  in  the  double  cyanides)  combination  bakes  place,  because  both  carbonic  oxide 
and  platinoDs  chloride  arc  unsaturated  componnds  capable  ol  further  combination. 

Tbe  lacalty  ot  platinooa  chloride  for  locming  particularly  stable  compounds  with 
direra  anbstances  which  on  their  side  have  tha  faculty  for  further  combination  (like 
{Hitassiuoi  cyanide  or  carhoniD  oiiile),  shows  itenll  in  the  formation  of  the  compound 
PtClj.PCl]  by  tbe  action  of  pbospborus  pentachloride  at  350 '  on  platinum  powder.  The 
product  coutaina  both  pUoaphoraa  peutocJdoride  and  platinum,  whilst  the  preaencB  ot 
PtClt  is  shown  from  the  fact  that  tbe  action  of  ir^tBi  friKixuxtehlorp!atirui-phoiphoroiii 
ttrid,  PtCl^(OU)j.  It  evidently  corresponds,  on  the  one  hand,  with  phosphoric  acid, 
and,  OD  the  other  hand,  with  those  products  which  are  formed  by  tbo  complication  ol 
PtCI,. 

After  the  cyanides,  the  dauble  lalli  of  platinum  /ormed  bij  lulphumut  acid  are 
moot  distinguished  for  their  stability  and  cbaracteriatic  properties.  This  is  all  the  more 
instructive  as  salpliurous  add  is  only  feebly  energetic,  and  moreover  in  these,  aa  in  all 
its  compounds,  it  eihibita  a  duo)  reoctiou.  The  aults  of  sotphurona  acid,  RgSOj,  either 
react  as  aalts  of  a  feeble  bibasic  acid,  where  tbe  group  80)  piescuts  itself  as  bivalent, 
Kud  cotifttijnently  equal  to  Xj,  ur  else  Uiey  react  after  tb?  manner  of  aalta  of  a  monobasic 


864  PRINCIPLES  OF  CHEMISTRY 

replaceable  bj  metals,  and  as  ammonia  itself  is  able  to  combine  with 
acids,  so  the  PtXj  plays,  as  it  were,  the  part  of  an  acid  with  reference 

acid  containing  the  same  reaidae,  RSOs,  as  occurs  in  the  salts  of  sulphuric  acid.  Ib 
sulphurons  acid  this  residae  is  combined  with  hydrogen,  H(S03H),  whilst  in  Bulphnzic 
acid  it  i»  united  with  the  aqueoas  re&idae  (hydroxyll,  OH(SOsH).  These  two  forms  of 
action  of  the  sulphites  appear  in  their  reacticms  with  the  platinum  salts — that  is  to  say, 
salts  of  both  kinds  are  formed,  and  they  both  correspond  with  the  type  PtH9K4.  The 
one  series  of  salts  contain  PtH^*  SOj)^,  and  their  reactions  are  due  to  the  bivalent  residiw 
of  sulphurous  acid,  which  replaces  X^  The  others,  which  have  the  compositica 
PtR2'SO.',H.i4,  contain  sulphoxyl.  Therefore  the  latter  salts  will  evidently  react  like 
aoids,  and  if  we  did  not  differentiate  the  hydrogen  here  contained  they  wonld  be  repvs* 
sented  as  PtRsH^CSO.-;)!.  But  then  we  might  suppose  that  these  salts  were  formed  from 
other  sources,  which  is  not  true,  because  the  salts  of  this  kind  are  formed  simolianeoasly 
with  the  salts  of  the  first  kind,  and  pass  into  them.  These  salts  are  obtained  either  by 
directly  dissolving  platinous  oxide  in  water  containing  sulphnroas  acid,  or  by  passing 
sulphurous  anhydride  into  a  solution  of  platinous  chloride  in  hydrochloric  add.  It  may 
therefore  be  supposed  that  these  salts  contain  platinous  sulfate,  PtSO^,  but  it  is  un- 
known in  a  free  state,  and  only  appears  in  the  form  of  double  salts.  Thus,  if  a  solution 
of  platinous  chloride  or  platinous  oxide  in  sulphurous  acid  be  saturated  with  aodimii 
carbonate,  it  forms  a  white,  sparingly  soluble  precipitate  containing  PtNa}(S05Na)4,7HfO. 
If  this  precipitate  is  dissolved  in  a  small  quantity  of  hydrochloric  add  and  left  to  evapo- 
rate at  the  ordinary  temperature,  it  deposits  a  salt  of  the  other  type,  PtNas(SO3)«A0f 
in  the  form  of  a  yellow  powder,  which  is  sparingly  soluble  in  water.  The  potassium  salt 
analogous  to  the  first  salt,  PtK2(S03K)4,2H20,  is  precipitated  by  passing  salphnrous 
anhydride  into  a  solution  of  potassium  sulphite  in  which  platinous  oxide  is  suspended. 
A  similar  salt  is  known  for  ammonium,  and  with  hydrochloric  add  it  gives  a  salt  of  the 
second  kind,  Pt(NH4).2(S05)2,H^O.  If  ammonio-chloride  of  platinum  be  added  to  an 
aqueous  solution  of  sulphurous  anhydride,  it  is  first  deoxidised,  and  chlorine  is  evolved, 
forming  a  salt  of  the  type  PtX2;  a  double  decomposition  then  takes  place  with  the 
ammonium  sulphite,  and  a  salt  of  the  composition  Pt(XH4).2Cl3(S05H)  is  formed  (in  a 
desiccator).  The  acid  character  of  this  substance  is  explained  by  the  fact  that  it  con- 
tains the  elements  SO3H— sulphoxyl,  with  the  hydrogen  not  yet  displaced  by  a  metaL 
On  saturating  a  solution  of  this  acid  with  potassium  carbonate  it  gives  orange-ooloored 
crystals  of  a  potassium  salt  of  the  composition  Pt(NH4).2Cl5(SOsK).  Here  it  is  evident 
that  on  equivalent  of  chlorine  in  Pt(NH4)2Cl4  is  replaced  by  the  univalent  residue  o< 
sulphurous  acid.  Among  these  salts,  that  of  the  composition  Pt(NH4)fCls(SOsH)4,HfO 
is  very  readily  formed,  and  crystallises  in  well-formed  colourless  crystals ;  it  is  obtained 
by  dissolving  ammonium  platinosochloride,  Pt(NH4)2Cl4,  in  an  aqueous  solution  of  sul- 
phurous acid.  The  difficulty  with  which  sulphurous  anhydride  and  platinum  are  sepa- 
rated from  these  salts  indicates  the  same  basic  character  in  these  compounds  as  is  seen 
in  the  double  cyanides  of  platinum.  In  their  passage  into  a  complex  salt,  the  metal 
platinum  and  the  group  SO.j  modify  their  relations  (compared  with  those  of  PtX^  or 
SOsX^),  just  as  the  chlorine  in  the  salts  EClO,  KCIO3,  and  ECIO4  is  modified  in  its 
relations  as  compared  with  hydrochloric  acid  or  potassium  chloride. 

No  less  characteristic  are  the  platinonitritea  formed  by  pUtinooa  oxide.  They 
correspond  with  nitrous  acid,  whose  salts,  RNO^,  contain  the  univalent  radicle  NO^i 
which  is  capable  of  replacing  chlorine,  and  therefore  the  salts  of  this  kind  should  fonn  a 
common  type  PtR|(N02)4,  and  such  a  salt  of  potassium  has  actually  been  obtained  by 
mixing  a  solution  of  potassium  platinosochloride  with  a  solution  of  potassium  nitrite, 
when  the  liquid  becomes  colourless,  especially  if  it  be  heated,  which  indicates  the  change 
in  the  chemical  distribution  of  the  elements.  As  the  liquid  decolorises  it  gradually 
deposits  sparingly  soluble,  colourless  prisms  of  the  potassium  salt  K9Pt(N02)4,  whidk 
does  not  contain  any  water.  With  silver  nitrate  a  solution  of  this  sidt  gives  a  predpitate 
of  silver  platinonitrite,  PtAg2(N03)i.    The  silver  of  this  salt  may  be  replaoed  by  other 
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to  the  ammonia.  Owing  to  the  influence  of  the  ammonia,  the  X,  in 
tlie  resultant  compound  will  present  the  same  character  as  it  has  in 
animoniacal  salts  ;  consequcDtly,  the  atnmoniacal  compounds  produced 
from  PtXj  will  be  Eults  in  which  X  will  be  replaceable  by  various 
other  haloids,  juat  as  the  metal  is  replaced  in  the  cyanogen  salts,  such 
is  the  nature  of  the  plathw-ammoniitm  compound)i.  PtXj  forma  com- 
pounds with  2NHj  and  with  4NH„  and  so  also  PtX4  gives  (but  not 
directly  from  PtX,  aad  ammonia,  but  from  the  compouuds  of  PtX,  by 
the  action  o£    chlorine,  &c.)  like  compounds  vith  2NHj  and   with 

metiili  hf  nwiinB  of  donble  decotnpoiitian  vitfa  matallic  chloiidea.     The  apaiingl]-  Boluble 

ftcid.irhic>h  pepiniteB,  under  tha  receiver  of  an  air-piimp,  in  red  orjstaU;  this  iipmbali]; 
ma  acid  of  the  compmilion  FtH,(NO,|,. 

"  The  plBtinum  ult  und  uumonia,  when  once  combined  together,  are  no  longer  ntlb- 
Ject  to  [heir  ordinaiy  reactions,  bnt  form  compantiveljr  very  Htable  compoanda.  Theaelt- 
erident  question  occdcb  to  all  who  are  acquainted  with  those  phenomenit,  as  to  what  it 
the  relation  of  the  elemtotts  contained  in  these  con^poDnds.  The  firat  eiplanation  which 
aaggests  itself  is  tlut  these  compoonds  are  salts  of  anunonium  in  which  the  hydrogen  ia 
psrtinlly  replaced  by  platinum.    This  ia  the  Ttew,  with  certain  shades  of  difference,  held 

light  by  Oerliardt.  Schiff,  Eolbe,  Weltiien,  and  many  others.  U  wo  suppose  tlie  hydro- 
gen in  3NH,X  to  be  replaced  by  bivalent  platinom  (as  in  the  salts  PtX,),  then  we  shall 
olitiuB  tja'Ptx"*^**  "^  '^*  compound  PtXj.SJJHj,  The  compoond  with  INHj  will 
then  be  repruaentod  by  a  farther  inbstitution  of  the  hydrogen  in  anunonia  by  ammo- 
niam  itself— i.«.  as  Na,(NH,X],Pt~that  is,  wu  shall  obtain  the  compound  PtX^tKH^. 
A  modification  oF  this  view  is  fonnd  in  that  repr^eentalian  of  compounds  o(  this  kind 
fthich  is  bssed  on  atomicity.  As  platinum  in  PtXg  is  bivalent,  has  two  afGnities,  and 
ammonia,  NHj,  is  also  bivalent,  because  nitrogen  is  quinquivalent  and  is  here  ouly  com- 
bined with  H„  it  is  evident  what  bonds  sbould  be  represented  in  FtX^SNHj  and  in 
PtXj4NHs.  In  the  former  Pt(NB]Cl),  the  nitrogen  of  each  atom  of  ammonia  ie  united 
by  three  affinities  with  H,,  by  one  with  platiDum,  and  by  the  fifth  with  chlorine.  The 
other  compoDod is  P[(NU]'NH;,C1),— that  io,  theN  is  united  by  one  affinity  with  the  other 
K.  whilst  the  remaining  bonds  are  the  some  as  in  the  first  salt,  lb  is  evident  that  Ihia 
anion  or  chain  of  ammouiai  has  ua  obvious  limit,  und  the  most  essential  fault  of  such  a 
nuHle  of  representation  is  tliat  it  do«s  not  iudicato  at  all  what  number  of  ammonias  are 
cniwhle  of  being  retained  by  platinum.  Moreovor,  it  is  hardly  possible  to  admit  the 
bond  between  nitrogen  and  platinum  in  such  atable  compounds,  for  these  kinds  of 
sfSnilies  ore,  ab  all  events,  feeble  and  cannot  lead  to  stability,  bat  would  rather  indi- 
cate explosive  and  easily-decompoaed  compoande.  Moreover,  it  is  not  clear  why  Ihii 
platinum,  which  is  capable  of  giving  PtX^,  doeu  not  act  with  its  remainingafBnities  when 
the  addition  of  ammonia  to  PtX^  takes  place.  These  and  certain  other  considerations 
whieb  indicate  the  imperfection  of  this  representtitiDn  of  the  structure  of  the  platino. 
Mninoninm  lalla,  cause  many  chemists  to  incline  lucre  to  the  repreeentstious  of  Berzelins, 
Cbtus,  Gjbbs,  and  others,  who  suppose  that  NH,  is  able  to  conibiue  nibh  substances,  to 
kdifHO  itself  or  pair  itself  with  tluun  (this  kind  of  combination  is  called  '  Poarang ') 
without  altering  the  fundamental  capacity  of  a  hubiituiicfl  (or  further  combinabinas. 
Thus,  in  PlX,,3NH,,  the  ammonia  is  the  assodKbo  of  PtX.„  which  is  etpreased  by  tlie 
fbrmnla  NtH^-PtX,.  Without  enlorj^g  on  tbe  eiposilJuu  of  the  details  of  this 
doctrine,  we  will  ouly  mention  that  it,  like  the  first,  does  nob  render  it  possible  to 
lotoseo  a  limii  to  l^e  compounds  wjth  f""""'^  ;  it  iuilale*  compounds  of  this  kind 
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If   ammonia  acts  on  a  bofling  solation   of  platinom    cfaloride  in 
hydrochloric  acid,   it    prodaces  the   green  soli    of  2laffnu9   (1839)^ 

>.uto  A  special  and  artificial  clasa :  does  not  show  the  connection  between  conipiiuudi  €< 
this  and  of  ntb«:r  kindi,  and  therefore  :l  esfentiallv  onlr  expresnes  the  fmtX  of  the  com- 
bination  viih  arun'^mia  and  the  modification  in  ita  ordinary  reaction*.     Hence  for  theiB 
reas^ms  ve  do  not  hold  to  either  of  thece  f  reposed  representationa  of  the  anunano* 
plat  in  am  cnm\ifmn*iK,  hat  regard  them  from  the  point  of  view  cited  above  with  reCnenee 
to  doable  «alts  and  water  of  crjAtalliaation — that  it.  we  embrace  aU  theae  compoaadi 
ander  the  refTef«i*t«tion  of  complex  compoaada  higher  than  aaline  componnda.    Tkt 
type  of  the  comfjoniid  PtX>.2XHs  i%  far  m<->re  probably  the  same  aa  that  of  PtX^SZ — ie, 
as  PtX  |.  or.  rt.'il  more  accurately  and  truly,  it  i«  a  compound  of  the  same  type  ai 
PtXj.2KX  or  PtX...2H/).  Arc.    In  PtK^X4.  although  the  pUtinom  haa  entered  into  tiw 
type  PtX ».  yet  Ita  character  has  changed  in  the  same  manner  aa  the  character  of 
Kulphur  changes  when  from  SO^  the  comprnnd  SOyOH^^  is  obtained,  or  when  KCIO4 
is  obtained  from  KCI.     For  ns  as  yet  there  is  no  question  aa  to  tr^^  affinities  hold 
Xj  and  what  hold  2XH:>  because  this  is  a  question  which  arises  frcnn  the  snppoaitiaB 
of  the  existence  of  different  affinities  in  the  atom*,  which  there  is  no  reason  for  taking 
as  a  common  phenomenon.    It  seems  to  us  that  it  i»  most  important  a*  a  commence- 
ment to  render  clear  the  analogy  in  the  formation  of  various  complex  componnda^  and 
it  is  this  analogy  of  the  ammonia  compounds  with  those  of  water  of   crystaUisation 
and  doable  Halts  that  forms  the  main  object  of  the  primary  generalisation.     We  rcoQg- 
nine  in  platinum,  at  all  events,  not  only  the  four  affinities  expressed  in  the  compoond 
PtCl^,  bnt  a  mach   larger  number  of   them,   if  only  the  9ummation   of  affinities  k 
actnallv  pr>«sible.    Tha<t,  in  sulphur  we  recognise  not  two  bnt  a  much  greater  number  of 
affinitiefl ;  it  iM  clear  that  at  least  six  affinities  can  act.     So  also  among  the  analogues 
of  platinam  :  OHn;ic  anhydride,  OSO4,  indicates  the  existence  of  at  least  eight  affinities; 
whilst,  in   chlorine,  judging  from  the  compound    KC104  =  C10.V.0K)»C1X7,  we  must 
rcco^iH^  at  lea4t  seven  affinities.  iuAtead  of  the  one  which  is  accepted.     The  latter 
mode  of  caUrnlating  affinities  is  a  tribute  to  that  period  of  the  development  of  sctmce 
when  only  the  simplent  hydrogen  compcunds  were  considered,  and  when  all  complex 
comfKjundv  wf-re  ^-ntirely  neglected  (they  were  placed  under  the  class  of  molecular  wmb- 
IKMind*.;.     Thin  ii  iiisnffiri'-nt  for  the  present  store  of  data,  because  we  find  that,  in  com- 
plex f'fiTu^ttnntfU  a*  in  the  mo*t  simple,  the  same  constant  types  or  cases  of  equilibriniB 
ar<;  rfi^'tiUul^  and  the  character  of  certain  elements  is  deeply  modified  in  the  passage  frooi 
the  moHf  simple  itiUt  xhtj  complex  compounds. 

JuiV/iti'/  from  the  most  complex  platino-amraonium  compounds  PtCl4,4XHv  one 
Hhoiild  a/lniit  the  fK>ni»ibility  of  the  formation  of  compounds  of  the  type  PtX|Y4,  where 
\\^iX'i  4  Nil",  and  this  shows  that  those  forces  which  form  such  a  characteristic  series 
of  double  platiiKK-yanides  PtM^(CN)4,8H^O,  probably  also  determine  the  formation  of 
the  higher  arninonia  derivatives,  as  is  seen  on  comimring — 

PW^l,        NH,    CI,       3NH5 
PtrCX),  KCN   KCN   SHjO. 

Mor<?over,  it  is  obviooHly  much  more  natural  to  ascribe  the  faculty  for  combination 
with  nY  t^>  tlio  whole  of  the  acting  elements  -  that  is,  to  PtX,  or  PtX4,  and  not  to 
platinum  alon««.  Naturally  such  compounds  are  not  produced  with  any  Y.  With 
certain  X'h  thi-re  only  combine  certain  Y's.  The  best  known  and  most  frequently- 
formed  cfimjioundH  of  this  kind  are  those  with  water — th«t  is,  compounds  with 
wat*T  of  cryHtiiUiHjition.  Besides  these,  we  know  of  comx>ound8  with  salts;  these  are 
double  salts;  also  wn  know  that  similar  compounds  are  also  frequently  formed  by  means 
of  ammonia.  Salts  of  zinc,  ZnX..,,  copper,  CuX.„  silver,  AgX,  and  many  others  give 
like  c< impounds,  but  these  and  many  other  ammonio-mctaUic  saline  compounds  are 
unstable,  and  readily  part  with  their  combined  ammonia,  and  it  is  only  in  the  elements 
of  tlio  jjlatinum  group,  and  in  the  group  of  the  analogues  of  iron,  that  we  observe  the 
faculty  to  form  stable  ammonio-metallic  comi)ouudB.    One  cannot  but  torn  attention  to 
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PtClj,2NHa,  insoluble  in  water  and  hytlrocfiloric  acid.  But,  judging  by 
its  reactions,  this  salt  is  twice  as  complex.  Thus,  Groa  (1837),  on  boiling 
MagQus'a  salt  with  nitric  acid,  observed  that  half  the  chlorine  was 
replaced  by  the  residue  of  nitric  acid  and  half  the  platinum  was  dis- 
engaged l  2PtCl,(NH3)i+2HNO,=PtClj(N03).^(NH3),+2PtCli.  The 
Gros'a  salt  thus  obtained  is  soluble  in  water,  and  the  elements  of  nitric 
acid,  but  not  the  chlorine,  contained  in  it  are  capable  of  easily  sub- 
mitting themselves  to  double  saline  decomposition.  Thus  silver  nitrate 
does  not  enter  into  double  decomposition  with  the  chlorine  of  Groa's 
salt.  Most  instructive  was  the  circumstance  that  Groa,  by  acting  on 
his  salt  with  hydrochloric  acid,  Bucceed«(l  in  substituting  the  residue 
of  nitric  acid  in  it  by  chlorine,  and  thus  introduced  chlorine,  which 
easily  reacted  with  ailver  nitrate.  Thus  it  appeared  that  Gros's  salt 
contained  two  varieties  of  chlorine— on«  which  reacts  readily,  and  the 
other  which  reacts  with  difficulty.  The  composition  of  Groa's  first  salt 
is  PtCl,(NH3),(N03),  ;  it  may  be  converted  into  Ptaj(NH3)j(S04), 
and  in  general  into  PtCl,(NHj),X,.i» 

and  iron  groapH  are  able  to  form  BeveraJ  high 
iliaracter,  and  conseqnentl;  in  the  lower  lie^rees 
IS  capable  of  retuning  other  elements,  anil  they 
proboblj  retain  ammonia,  and  hold  it  the  more  stably,  becanse  nil  the  propertien  of  the 
platinnin  compoands  are  rather  acid  than  hueio— that  is,  PtX,  leoalts  rather  HX  or 
SnX.  or  CX,  than  KS.  CaX,,  BaX^  Ac,  and  ammonia  naturally  will  rather  eombine 
ic  Buhutanre,     Farther,  a  denondence,  or  certain  oonnection 


i>i  th 
follon 


a»  uf  oxidation  with  the  a 

PdC!,.aNHj,H50 
PlCl„aNHj 

BhCLvfiXBt 
ItClj.6NH3 


PdClj,lXH3,H,0 
PtCl„4Nn, 
Ri.CI;,4SHj,8H.jO 
OaCl„JNH3,3HjO 


n  componng  the 


We  know  that  platinum  and  palladiom  give  compoanda  of  lower  type*  than  iridioni 
and  rhodium,  whiUt  ruthenium  and  oaminin  give  the  highest  forms  of  oxidation;  this 
ihows  itself  in  this  case  also.  V/v  hare  purponely  cited  the  same  compounds  with  4NH, 
lor  osminm  and  rathenium  aa  we  have  for  platinum  and  palladiam,  and  it  is  then  seen 
that  Ru  and  On  are  capable  of  reUining  2H,0  and  aH.,0,  beBides  CI,  and  SKy  which 
the  compoanda  of  platinnm  and  pnliadinm  are  nnsble  to  do. 

All  the  platinnm  metals  give  very  stable  metatI/i~a7nmonium  compoundi,  nndecom- 
posable  by  water,  dilnte  acids,  and  aUcalis,  like  the  nunpounde  of  platuium,  which  ae 
describe  in  roller  detail,  snch  as  the  saltfl  of  Raiset's  second  base.  PtX,,9NB„  the 
■wits  of  Beiset'i  first  bate.  PtXi,lNB„  Qerbardt's  siJta,  PtX^ifiKH.,,  and  Oros's  lalts, 
PtX,,4NH,. 

8imilu  salts  hate  been  already  obtained  for  pBlIadiDm  and  iridiam  (Skoblilrafn.  and 
the  two  (lr»t  kinds  for  osmium  and  mtbeninin  also.  Iridium  and  rbodiam,  which  eauly 
(O'B  compiiunda  of  Che  type  RXj.  give  compoonds  (Cliiua)  of  the  type  I1X3.BNH],  of  a 
rase  mionr.  and  RhXj.BNHj,  of  a  yellow  colonj.  Jorgenaen,  in  hia  rUBearchei  on  theu 
compnnnds,  showed  their  entire  analogy  with  the  cobalt  compounds,  ae  was  to  be 
expected  from  the  periodic  lyslem. 

>^  Subsequently,  a  whole  series  of  such  compounds  was  obtained  with  rnrioua 
'a  tba  place  of  the  (non-reacting]  chlorine,  and  nevertheleos  they,  like  tho 
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Th^  salt  of  Magnos  when  bxl«d  wrih  a  solvtioQ  of  aiaaKMim  girn 
the  s%I:  of  R'E-iset's  first  base '  PtCI^  XHjf«.  aikd  this,  wfam  trenfted  vith 
hryiilzjr.  forms  the  B&It  PtCl^Bry  NH^'^.  vhich  is  ooBposed  and  reacts 
like  Gr^jz'i  salt.  To  Reiset's  Ba2u  there  correspofods  a  solahfe.  eoSonrias, 
err- t^ilir^e  Ay  Irosnd^j  P^  OH  )y  XH,  i^.  It  is  a  poverfnl  and  perfsctlj 
er^er^.:c  a/Lo-i  :  it  attracts  farbonic  anhjdnde  from  the  atmoaphew^ 
prec:pit;^t^:s  metallic  salts  like  potash,  sat  urates  actrre  acids,  eren  lal- 
ph!3r:c,  formmg  oolomiess  twith  nitric,  carbociic.  and  faTdrocfalarie 
ai'irU  ,  or  jellow  <  with  snlphiuic  acid ),  salts  of  the  tjpe  PlX^XH,)!.'' 


chl'jr.T.'-.  Thtkr.-U^  -ritb  dlfEraltj.  vhlln  the  teecod  pcvtkn  of  Hat  X's  xniradsrcd  iatD 

s?-  h  §^:v  'E^h^'.lT  TszL-XTTcxt  RAct::a.    Tii:«  fo:rs«d  the  idoci  iaporiAaS  Twcri  for  ik} 

hi>;r»-T^:  vlJ. .  h  lL«  frt:«iT  of  tL«  cr.zn^'jfi^yyc  ani  <tra:3au«  of  tbe  piASi 

bkl:^  -::'.i>«^'::»T.l>  |:T*^M:z:t«<4  to  cimjxj  cbe3U?l&.  iodi  a«  Beisec 

E*.i*f -ri  'rt^rLkrdt,  Backlon.  C-ere.  Th-jcafieo.  and  c4faen.    Xbe  Mh*  PlX»JXH>  Sa- 

ooT^rei  ij  G^rL&Ht.  also  exhibited  KrermZ  di£«7Rit  {R^opertie*  ia  tbe  tvo  pain  of  X*& 

Ir.  lilt  nezruklrizxg  platino-joniaoniaa  calts  all  tbe  X'*  appear  to  react  alike- 

TL^  ';-i^l:TT  rf  th<:  X'<  reiviziabLe  ia  tbe  plasixho-amznoniiun  aalta.Z3aT  be  ccnsiienUj 
m'.'Lt^L  MEid  ti.*:T  may  fnqoentlT  be  whoDy  or  paitiallT  replaced  by  fcyidroxyL  For 
•:iA'nj>.  tL«r  */^.-:>.n  of  asuD^ynia  on  tbe  nitrate  ol  Gerbardt's  base.  Pi  NO^^^JiXHs.  *■  • 
boUir-i:  ^-^'l-t:  a  erAdoallT  pr«>da:««  a  yellow  crystallfiie  precipitate,  vbi^h  is  xkccbii^  elat 
than  Si  Lr.lr  .xlie.  Pt  OH  «2XH-.  I:  i^  «pariz:irly  soluble  in  waser.  bat  immediately  pvet 
v/ab>  vii,::^  P-:X(.:2XH-  viih  a-.-;d&.  Tne  stability  of  this  hydroxide  is  such  that  p]«aik 
d*Mrt  r.A  ^rij*-".  a3.:njnia  from  it,  erea  ozi  \yAlLnz.  and  it  doe*  nof  change  bekifv  1J5'. 
Sin^nir  prortertie*  are  fhovn  by  the  hydroxide  Pt  OH\,k.2XH;  and  the  oxide  PtO,SXHs 
of  R<ri-^t'4  ^'•'•n'l  ba<i«.  Bat  the  hydrcxiief  of  the  compounds  ccmtAxning  4XH3  are  par- 
ticnUrly  rtrmnTlLxhlfr.    The  pre«exioe  of  ammonia  renders  them  eolnble  and  energetic 

'•  Hy  iroxi'les  are  known  rorre^ponding  with  Gros's  salto,  which  contain  ome  hy- 
dr'/ij'.  :.T'.^p  in  th*- place  of  thatchiorine  or  haloid  which  in  Gros's  salt*  reacts  with  dilB- 
rn.\r.  if.i  t •-*:«■  hydroxides  do  not  *how  the  direct  properties  of  alkalis,  just  as  the 
e:)il  .'r'.z.H  which  itiu'is  in  the  same  place  d--**  no:  react  distjxctly ;  bat  siilL  after  the  pro- 
hjTi'j*:']  a'.-t ion  of  acids,  this  hydroxy!  jjronp  is  aUo  replaced  by  acids.  So,  for  example, 
th<:  a^:  ozi  of  nitric  acid  on  Pt  XO3  ..C1,».4XH-  caa^^  the  n^n-actire  chlorine  to  reict,  bvi 
•r;  111*:  r«:-ait  all  th«?  chlorine  is  not  replace*!  by  X0>  bat  only  half,  and  the  other  half  ii 
r*:p:A/— 1  by  thfhydroxyl  gronp:  PtXOv>Cl>4XH3-HXa;-H20  =  Pt  XO3  5  OH  ,4XHj 
^'lW.\:  and  this  i-.  particularly  chara?teris::c,  because  here  the  hydroxy  1  groap  has  cot 
iH^.\-:\  with  the  acid — an  CTident  «i^n  of  the  non-alkaline  character  of  the  r^sidoe  in 

T'.  •!':••  '■-^rnmon  properties  of  the  platino-ammoniam  salts,  we  mast  add  not  ooIt  their 
*t'ihi'''j  {^<rf#le  a'.ids  and  alkalis  do  not  d>?conipose  them,  tie  ammonia  is  not  eroiTcd 
by  ]:f-x\.u.:.  A'r.  ,  but  also  the  fact  ihit  the  ordinary  reactions  of  platinum  are  concealed 
in  lh*r:ii  to  a-  ;:rea:  an  extent  as  those  of  irrn  iu  the  ferricyanides.  Thus  n  -ither  a  kalis 
nor  h y'lro'_'.-ii  salphid*;  will  separate  the  plfttinom  fn>m  them.  For  example,  salphnrened 
hvd.-',!'-::  ::i  artin/  on  Grr^'s  salts  pives  <»alphur.  removes  half  the  chlorine  hx  mea-is  of 
It  •  ]ty'\r'f'jt'U.  and  forms  salts  of  Reis?l's  first  base.  This  may  be  understood  or  explained 
Uf  o;i<f.«lf  by  coanting  the  platinum  in  the  mnlecule  as  covered,  walled  up  by  the 
an.rno  .'.  i.  and  '•Ituiited  in  the  centre  of  the  molecule,  and  therefore  inaccessible  to  re- 
tL'jt'.u*  -.  But  tiien  one  would  expect  to  find  clearly-expressed  ammoniacal  properties,  and 
thi-  !-  ::'•"■.  til*;  CHI**.  Thus  ammonia  is  easily  d»^^raJv^5ed  by  chlorine,  whilst  in  a.-tingOD 
tJur  p!  ••!?  o  HTiwnoniura  salts  containinjf  PtX»  and  'iXHj  or  4XH5,  chlorine  combines  and 
t\f,t'-,  i.'.t  'l«*-rn'y  the  ammonia:  it  converts  Reiset'*  salts  into  those  of  Gros  and  Gerhaidt. 
Th'j^  ir'.r.fi  PtX..iXH-  there  proceeds  P1XXU.2NH-.  and  from  PtX2,4XH-,  there  proceeds 
sill  'if  (;ro-.'s  b^se  PtX5Cl2,4XHj.    This  shows  that  the  amoimt  of  chlorine  which  com- 


The  stability  of  audi  porapounds,  and  the  existence  of  many  otlier  com- 
pounds analogous  to  thorn,  endows  them  with  a  particular  chemical 

Ihe  baeic  prnperty  d(  platinum.  Owing  to  thia  soiiii-  ehemieta  aupposp  the  nmmonm  l-i 
be  iuBOlive  or  piuaive  in  oartain  ctnnpouiiila.  It  spjieniH  to  me  that  these  relntiona,  (Iibhb 
modiflcotioiM.  in  the  uauil  ptopertiea  of  lunmoiiimiad  pUlinQm  «e  eipluned  diiw.'tl j 
by  (heir  matua!  uombinntion.  Sulphur,  in  sDlphamaB  uihj-dride.  SOi,  uiitl  hyitmgen 
BDlphide,  SHj,  ia  natanlly  cue  and  the  mme,  bnt  if  ve  only  knew  of  it  in  the  iDrm  nf 
hydrogen  aolpbide,  then,  baving  obtained  it  in  the  fomi  o(  snlphnroUB  anhydride, 
-we  ihould  cauaider  its  pioprrtiea  an  hiddHn.  The  ntjgen  in  aiogneaia,  MgO,  and  in 
nitric  ptTOiide,  XOj,  ia  wi  differinit  that  tb>re  is  no  reaembianre.  Araiiaii:  no  longer 
reasta  in  ita  eomponnds  with  hydrogen  aa  it  reaeba  in  its  compoundii  with  cMorinu,  und 
in  their  compoundairith  nitrogen  nil  metals  modify  both  theirTeacliona  and  their  phyeioal 
propertiea.  We  aje  accaatomed  to  judge  the  mctnla  by  their  aaiine  eomponnda  with 
haloid  B'onps,  and  ammonia  by  ita  compounda  wilh  acid  subatanceB,  and  here,  in  tba 
platino-compounda,  if  we  asanme  the  platinum  to  be  boDnd  to  the  entire  masa  nt  the 
ammonia — to  its  hydrogen  and  nitrogen  —we  ihall  nnderetand  that  both  the  pUtinDm 
and  ammonia  modify  their  chara^tprB.  For  mm-B  cfmplioated  ia  the  question  why  a  por- 
tion of  the  chlorine  [and  other  haloid  aimnle  and  complei  groupa)  in  Oroa'a  ailta  arte  in 
a  different  manner  from  [he  other  portion,  and  why  only  half  of  it  acta  in  the  uanal  way. 
Bat  this  alao  is  not  an  exclusive  caae.  The  chlorine  in  potaaeium  chlorate  or  in  carbon 
chloride  doea  not  react  with  the  some  eaae  wilh  meUls  aa  the  chlorine  in  the  salta  corre- 
■poading  iritb  hydrochlorio  aoid.  There  It  ia  onited  to  oxygen  and  carbon,  here  it  ia 
nnited  partly  to  plntinam  and  partly  to  the  platino-ammonium  group.  Hony  chetniata, 
moreorer.  sappoee  that  a  part  of  the  chlorine  ia  nnited  directly  to  the  platinnm  and  the 
other  part  to  the  nitrogan  of  the  ammonia,  and  Ihna  explain  the  dittereni-e  of  the  reac- 

•aunomDm  chloride,  NH,C1,ar  nitrtisyl  chloride. NOCl,  although  no  one  doniea  that  here 
there  is  a  nnian  between  the  chlorine  and  nitrogen.  Hence  it  ia  nccesanry  to  explain 
the  abaenee  of  a  facile  reactire  capacity  in  a  T»rtion  of  the  chlorine  by  the  conjoint 
infloence  of  the  platinnio  and  anunonia  on  it,  whilat  the  other  portion  may  be  admitted 
oa  being  andet  the  influence  of  the  platinnm  onl;,  and  therefore  aa  reacting  aa  in  other 
Kfllts.  By  admitting  a  certain  kind  of  stable  union  in  the  platino-ammonium  grouping 
it  ia  poaaible  to  imagine  that  the  chlorine  Unea  not  react  with  tta  cualomiry  facibty, 
bapaaae  acceaa  to  a  portion  of  the  stoma  of  chloTine  in  this  complex  grouping  ia  difficult 
and  the  chlorine  nnion  ie  not  the  name  oa  we  naually  meet  in  the  saline  I'omponnde  of 
clilorine.  These  are  the  bases  on  which  we,  in  refuting  the  now  aocepted  explanationa  of 
the  reactinnn  and  formation  of  the  platino-compou  nda,  pronounce  that  opinion  as  to  their 
■tmetnre  which  follows. 

In  characterising  the  pUtino-ammoninm  eomponnda,  it  is  neeesaary  lo  keep  in  mind 
that  rompoands  which  alreudy  contain  PtX,  do  not  combine  directly  with  NHg,  and  that 
■nch  compounds  aa  PtX|,lXH]  only  proceeil  from  PtX],  and  therefore  it  is  natural  t'> 
BonclDde  that  those  aiSnities  and  forces  which  canae  PtX,  to  combine  with  X,  also  canse 
it  to  oombine  with  3NH:i.  And  having  the  ocmpoiind  PtX^lNH.^  and  aoppoaing  that  in 
aabaequently  combining  with  CI,  it  reacts  with  those  ofBnitiea  which  produce  the  com- 
pounda  of  plalinio  chloride,  PtCI,,  with  water,  potasaium  chloride,  pctasBium  cyanide, 
hydrochloric  acid,  and  tlie  like,  we  explain  not  only  the  fact  of  combination,  but  also 
many  of  the  reactiona  occurring  in  the  tranaition  of  one  kind  of  platino-nmnuininm  aalta 
into  another.  Thus  by  tbia  meana  we  explain  the  fact  that  (I)  PtXj.aNHj  combinea 
with  SNH],  forming  aalts  of  Reiaet'a  lirat  base ;  IS)  and  the  (ant  that  thia  oompound 
{represented  as  follows  lor  dialiuclneiu),  PtX^aNH.^SKH,,  when  heated,  or  even  when 
boiled  in  solution,  ngnin  paaacs  into  PtX,,aNH-.  (which  reaembiea  the  easy  diaengaga- 
ment  of  water  of  cryatiillisation,  Ac.) ;  IB)  Ihr  Inct  that  PtX,.SNUnia  capable  of  abaorbing, 
under  the  action  (rf  the  aame  forcea,  a  molecule  at  chlorine,  PtX,,aNH],CI,.  which  it 
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r.r..T:c'::*.«"i*  ocr.Mir.iM  tiili>!arrjftniid*r.  CJrX,H^.  in  ^Ae  place  of  am- 
.<-!.. ;4.  P-C.^CJ^XiH.-  *iiii  oth»?ri   Tr.rre-pi.miin^  with.  Rei^^^t's  alts. 

*fy  ..—.c-Lcir/.ir.**.   i-ti  onKer  iu'o-iU'jf??:   ?:rr*?sc«nijdin:r  with    unznonia, 

1 1  -.    .-.   *  r i r^ ilAt*  •zr.xsizc nil-  L» . 

• -ii-fj.'.;   .f  ■;,'.,*  unmr.tu.1 .     «    ->.**  fics  tji.t:  'l--     lil'TJi*;   _t*^.a  _a  thii*  iTf:mp«-a=ii    ci^ 

-  '—  ■'>*■  .7-':»»'-»ii'.c«*i  iiS'  n.'T'  't  r=rt«:cii-.  i .  T  -ijd  iu:r  ".j_ir  rh:*  «io»9  act  «szbL39C  tbr 
w.  -  ■  ••  -ui'.r.^xni  f-r  5ir:i'.»*r  rr.ci'-.'iiiii.  a  .:  j  •**l^:T^p.  -  ren:Mn,c«fr  zhie  vrompoimii 
-■-•.;'"..^?;  .:.:-' H:/;  .  t:i.i  -Ji»i7»f.r»  >:--.  PtX..i:'Ei:.i"i  im:  FtXidN'H^.dyH-  ue  «till 
-irflji^  -?  '•i-nih".::iAr.ir..  vli^mr^  zi>i  "ir:tr.  t- ■  !i  ••i..:r:ni».  rrrms  P^jjiXH^iKHs^Cl^ 
•*"^r  *.a<*  "i-t:^  '.{  PrX^T^  La»i  wrnur-?  hir'tr  :  »*  tir*  £ict:  thos  Gmt^'i  eoaxpaaadi 
-«.:-.  '  .r:.-.r*r:  *.->  r»ji<i:'7  r>»--i--~'»rV«i  ini:  -.Cj*  -il"*  :f  E«»u*c"*  5r^  biizw  viva  aettd 
■  -  .•-'::-.i:.-.j  1  j-ii*-*  1  T  •jir:  fi*:s  "jiat  .-  *}T-:t  -  4.u-*-  PtXi.iyH>NH^'i^th*  wemtt- 
iTr-»'-''^.='ri  -hlrrr.ft  -r  hilrui  x:L  rew.t  -ri^  -hiEii-L-r-  xr^h  ^aLzs  :f  -silT^r.  *tc^  beeaoae  is  u 
tr.u-  :>**:  r^rr.  V,  *.hi^  puir.z-in  irui  v.  tiu*  ir-  ^i-T^ii.  frr  ■■trh.  z(  TiiielL  L:  haj»  an  aStnctkn: 

*  "r.i*  iif't  'r.A*.  *I".«*  f.u?^lt7  f.".r  f^ir^ber  'rrniLtra::   i  -■§  r«.T:  -Tea  jwc  ^xiL&osaeii  in  tie 

•  :   »    -.f  '.r-.-  -  *.\\-i,  \z>i  :iia:  x.=  fcrtrxall-  ha -•*  i  ;«•  Jiip- ri=:«i  rf  «>r»:»'»  cnIon3«  aals  with 

•  .■.-,*>i  f-.r*./-^7  ii**-.  Tr.tr.  H./J ;    '^»   ih^  f-t;-*:  ^i:  sC-:'".  i  'vtiI-t  f.rr  oi^iob i^iAiu^a  wish 
.  .r/.^ :;.•><*  .4  :i.irTr:ul7  x-.-.r-*  ■iiSrTrL.:c*rii  ir   ihr  jT^r  f-:r:ii.*  cf  ct:Trhfn*d>ja  than  in  tbe 

r^.'r.  '"'•'"  r  r.»*  irir.  xAff-r  ir.'i  r:-::*  rrH::r;iAt*ri  *.  *.-'■.'.-  >.  irijar  bat  not  in  hTdtodhkne 
ir-.-i  '-.f  'i-.T^hle  «li-»  ».ti--  TZACj  solta  cf  :h.-:  i'.^a-j  — '^caI* — f-r  exuaple.  with  lead 
'  r,:or.'>.  .^r.fnr  «:h.li-r.»i*.  *r:rt  iUo  wiih.  plAtii.o  at.  :  jl.ic>=j-.Ti  ch!«.-r^ie*  Backton's sfth«'t. 
Vl.^  u:-^/  rrrr.^-.riTidii  »ill  hav**  ;Le  'Cdp^-iitl-.n  rTCli-lN^^dXH^J^lCIj — tbrnX  is,  tiw 
-.« -->■  /  -.r-/.  !•♦■>: '.rn  as  :h<fe  ^a!:*  of  R*>«rr'-?  «€o-.ii  i  ti-^.  c-it  ic  cap  not  be  identical  with  iL 
•*.r,r\.  ar.  :.-.vr*'St;nfi'  raA#*  d*->?«  «4:taAll7  eiift.  Tie  £rst  ri^.:.  PtCli.4XH5J*lCl^  l4  gven. 
.r.'i^i.-.W.f^  ,.-.  w*tfrr  and  in  hydi-jchlor.c  aci-L  ir. :  :-  kr.-w:i  a*  J/a/nhj*#  Jtx.'r.  a&d  the 
■  *-f  rr.A.  P*/J;,.iNH--  i^  Rfr.ji*!"*  t^II'-tt.  ^rarlnrlj  ■=-  '.-' '.t  in  wTittt .  Th*y  are  polrmcxie. 
r:*/.'.^:- .  •>>  f.r-t  crr-rair*  rwiit  I'cjt  r.urz.l.«-r  of  t'.rn:^!::-!  held  in  the  second,  and  at  the 

•  me  t.r.  *r  th*:T  ^ik-^\ij  r*-^  :ntt>  each  rthf^r.  If  irjinirciji  ce  added  to  a  hot  hjdrovhlonc 
v,']  d-i'.on  f.i  flatlnoa*  cLlonde.  it  frrsis  :iie  >i.I:  P:Cl..4XHv  bat  in  the  presence  rf 
«..  'y--*-.--  t.i  [■1a::i.ct1'»  r.hiivr.'ifr  i:  ^-Ivei  ilj,kr.«s**  vtl:.  C^n  boiling  the  latter  inatnntODift 
.*.  /  •-»•«  •-  t./.\f.n7\tr>^  soluble  *al:  of  Riirise:'-  tr-st  ba-*r,  PiCLwiXHj.  and  if  this  is  boiled 
»;*.;  *.i*««-r.  tf;*-r;  aiLir-onia  is  di^^ngaetd,  and  a  s.ilt  of  Beiset's  second  base,  PtCljiSNHj, 

\  <U'-  of  J  iAtlno-ammoniam  iaomeride*  •.bt.iir.ed  by  Millon  and  ThomsenV  are  also 
k:,'- » rj.  Fi::'  k*'  n>  =alt-s — for  *rXAinj.-le.  the  copper  ^alt — were  obtained  by  thero  frocn  the 
•.-ijf-.  of  V.t'iMt -^  f.r-t  bas**.  Pt''.l,.4NH-.  by  ireaimn^r.t  with  a  s^lntfon  of  cnpric  chkride. 
A'..  Arid  tl. ''r«-5  re,  «ccord.r.j  to  onr  meth'>l  of  expre^sijn.  Backton's  copper  salt  will 
\t*-  I'tri..tNH.vCa''*K.  This  salt  in  solable  in  water,  bat  not  in  hydrochloric  acid.  In  it 
tb^  Amrnoriia  mnnt  \te  considered!  a-^  united  to  the  platinum.  But  if  cnpric  chloride  be 
t\'m^/,\.t:\  ir.  Qmrnoiiia.  and  a  volution  of  pLttinoas  chloride  in  ammoniom  chloride  n 
4<'Jd^-d  To  i:..  til**!!  a  viol^-t  precipitate  is  obtained  of  the  same  composition  as  Bnckton's 
?al*,  i»t;r  whirrh  i*.  inn<^jl»;ble  in  water  but  roluble  iu  hyJrochlorio  acid.  In  this  a  pwtioiii 
if  no*  rt!i,  of  th«^  ammonia  must  \**-  re^rardefl  as  united  to  the  copper,  and  it  most 
tli*r-f'.r-  \>*'  r*'jir»**^Tjtefl  as  CuCU.4XH-.PtCl>.  This  form  is  identical  in  compocition 
but  rIifT#-r*nt  in  properties  ii^  isomeric*  with  the  preceding  salt  tBuckton's).  The  salt  of 
MAi'i.i;-  i-.  int^rme^liate  Wtween  them,  PtClo,4XH- J^tClj :  it  is  insoluble  in  water  and 
)i%Aff>*\.\''r\i:  ftr-id.  The«e  and  certain  other  instances  of  isomeric  compounds  in  the 
<i'  ri'-'  fA  the  platimvAmmonium  salts  throw  a  light  on  the  nature  d(  the  eomponnds  in 
qn^<«ti'fn,  ju*4t  as  the  study  of  the  isomerides  of  the  carbon  compounds  has  senred  and 
still  senres  as  the  chief  cause  of  the  rapid  progress  of  organic  chemistry. 
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That  degree  of  analogy  and  difference  which  exiata  between  iron, 
cobalt,  and  nickel  repeats  itself  in  the  corresponding  triad  r 
rhodium,  and  palladium,  and  also  in  the  heavy  platinum  mctiils, 
osmium,  iridium,  and  platinum.  These  nine  metals  form  the  VIIT. 
group  of  the  elements  in  the  periodic  syst«m,  being  the  interme- 
diate group  between  the  even  elements  of  the  large  periods  and  the 
uneven,  among  which  we  know  zinc,  cadmium,  and  mercury  in  the 
II.  group.  Copper,  silver,  and  gold  complete'  this  transition,  because 
their  properties  place  them  in  proicimity  to  nickel,  palladium,  and 
plfttinum  on  the  one  hand,  and  to  ziuc,  catluiium,  and  mercury  on  the 
ntlier.  Thus,  for  example,  the  atomic  w«ight  of  copper  Cu^63,  and  in 
all  its  properties  it  stands  between  Ni:=GD  and  Zn:=6d.  But  as  the 
transition  from  the  VIII.  group  to  the  II.  group,  where  zinc  is  situated, 
cannot  be  otherwise  than  through  the  I.  group,  so  in  copper  there  are 
certain  properties  of  the  elements  of  the  I.  group.  Thus  it  gives  a  sub- 
oxide, CugO,  and  salts,  CuX,  like  the  elements  of  the  I.  group,  although 
at  the  same  time  it  forms  an  oxide,  CuO,  and  salts,  CuX;,  like  nickel 
and  »nc. 

In  the  state  of  the  oxide,  CuO,  and  the  salts,  CuXj,  copper  is 
analogous  to  zinc,  judging  from  the  solubility,  isomorphism,  and  other 
characters.  So,  for  instance,  cupric  sulphate  forms  isomorphous  mix- 
tures with  the  sulphates  of  the  magnesium  group,  in  which  the  amount 
of  water  of  crystaUisation  varies  readily  according  to  the  temiierature,* 

'  TheperiKtljiiniqaepoaitiunhelc]  by  copper,  ailver,  and  gold  in  the  periodiu  lactam 
of  tlie  elementa.  and  the  degree  vl  ftffinit)'  which  is  lound  lielween  thom,  is  nil  thu  more 
reiQiulubla,  u  DktQte  itiid  practice  haie  long  iulated  these  meUJa  Frum  all  nthera  bj 
bsTiDg  employed  them — tor  eiuuple,  for  meUlHo  monej — and  detorniiDed  Uieir  relative 
importance  and  nine  in  conformity  with  the  order  (nilver  between  copper  and  giild)  ut 
their  atomic  weight*.  &c, 

'  Cupric  inlpliate  eantiuns  R  molecule!  of  water,  Cu904,&H,0.  and  tfae  isomnrphnaa 
Diiitnree  with  ZuSO),TH]0  contain  either  E  or  Teqaivalenta,  Mcording  lu  wbetlier  copgier 
or  line  predaminntea.    If  there  be  a  lurge  proportion  ot  copper,  and  if  the  niittare  con- 
la  GHjO,  then  the  form  of  the  i<uimor|>hou>  miiture  (triclinic)  wilt  be  iiomorphoiii 
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and  the  relative  qunntities  of  tlie  metiils  varieB  in  divers  proporti'ini, 
as  is  the  ca^e  in  ull  other  isoniorpliouB  mixtures  of  similar  metals.  The 
faEility  of  the  transition  from  the  cupric  salts  correapondiDg  with  the 
oxide  CuO  into  the  cuprous  salts  corresponding  with  the  sulxixidn 
CujO,  and  the  relative  proportion  of  tie  metal  in  both  compounds,  givM 
an  easy  means  of  accurately  determining  tLe  relative  compo^tioD  rf 
both  of  these  oxides  of  copper.  Ascribing  the  formula  RO  to  the 
oxides  of  the  magnesium  group,  that  of  the  sulioxide  of  copper,  jodging 
by  the  amount  of  oiygeu  it  contjiins,  should  be  R^O,  corresponding 
with  the  oxides  of  the  alkah  metals.  In  the  cuprous  salts  there  is  un 
doubted ly  a  great  resemblance  to  the  silver  salta^thus,  for  exampfc, 
silver  chloride,  AgCJ,  is  characterised  by  its  insolubility  and  capaeitj 
to  combine  with  ammonia.  Cuprous  chloride  closely  resembles  it,  for 
it  is  also  insoluble  in  water,  and  combines  with  ammonia  and  dissolvM 
in  it,  if.  Its  type  is  also  EC],  the  same  as  AgCl,  NaCl,  KCl,  ic,  and 
silver  in  many  compounds  resembles,  and  is  even  isomorpbous  witt 
sodium,  so  that  this  again  justifies  their  being  brought  together.  Silver 
chloride,  cuprous  chloride,  and  sodium  chloride  crystallise  in  tl» 
regular  system.  Besides  which,  the  spccitic  heats  of  copper  and  ^ver 
require  that  they  should  have  the  atomic  weights  ascribed  to  them. 
To  the  oxides  CujO  and  AgjO  there  are  corresponding  sulphides  Ag^ 
and  Cu^S.  They  both  occur  in  nature  in  crystals  of  the  rhnmlHC 
system,  and,  what  is  most  important,  copper  glance  contains  an  iso' 
morphous  mixture  of  them  both,  and  retains  the  form  of  copper  glaiiw 
with  various  proportions  of  copper  and  silver,  and  therefore  has  iha 
composition  RjS  where  R— Cu,  Ag. 

Notwithstanding  the  resemblance  in  the  atomic  composition  of  ih« 
cuprous  compounds,  CuX,  and  silver  compounds,  AgX,  with  the  com- 
pounds of  the  alkali  metals  KX,  KaX,  there  is  a  considerable  degtM 
of  difference  between  these  two  series  of  elements.  This  difference  il 
clearly  seen  in  the  fact  that  the  alkali  metals  belong  to  those  elemenli 
which  combine  with  extreme  facility  with  oxygen,  decompose  water, 
and  form  the  most  alkaline  bases ;  whilst  silver  and  copper  tM 
oxidised  with  difficulty,  form  less  enei^etic  oxides,  and  do  not  de- 
compose water,  even  at  a  rather  high  temperature  ;  they  e\'on  dis- 
place hydrogen  from  very  few  acids.  The  difference  between  then' 
is   also   seen  in   the   dissimilarity  of  the   properties  of  many  of 


ith  cBprio  Aulpbate,  CnSOf,KHfO,but  if  there  he  a  largo  nmouiit  of  EiDc(i 

eel,  or  n>bilt)  then  the  tonn  (rhombic  or  monoclinic)  is  nearlir  the  cane  aa 
iiiicsulpliate,ZnSO„TH,0.    Saperautumted  nolatioiia  qImcIi  of  thene  mIM  crfaUUiM 
tbnt  form  und  with  ttrnt  anionot  of  water  wbith  incoDWined  in  a.  crjAaX  of  oh 
tbo  BBltB  brnDjibt  in  contact  with  tlie  solubion  (Vol,  I.  p.  Kill,  Xote  27), 


eOPPEE,  SILVER.   AND  GOLD 


1 

S7S 


■jurresponding  compounds.  Thus  cuprous  oxide,  CujO,  and  silver  oxide, 
AgjO,  are  iusoluble  in  water ;  the  cuprous  and  silver  cfirbonates, 
chlorides,  and  sulphates  are  also  sparingly  soluble  in  water.  The 
oxides  of  silver  and  copper  are  also  easily  reduced  to  metal.  This 
difference  in  propertiea  is  in  intimate  relation  with  that  difference  in 
the  density  of  the  metals  which  exists  in  this  case.  The  alkali  metala 
lielong  to  the  lightest,  and  copper  and  silver  to  the  heaviest,  and  there- 
fore the  distance  between  the  molecules  in  these  metals  is  very  dis- 
similar— it  is  greater  for  the  former  than  the  latter  {table  in  Chap, 
XV,).  From  the  point  of  view  of  the  periodic  law,  this  difference 
between  copper  and  silver  and  such  elements  of  the  I.  group  as  potas- 
sium and  rubidium,  is  clearly  seen  from  the  fact  that  copper  and  silver 
stand  in  the  middle  of  those  large  periods  (for  example,  K,  Ca,  Sc,  Ti, 
V,  Cr,  Mn,  Fe,  Co,  Ni,  Cu,  Zn,  Ga,  Ge,  As,  Se,  Br)  which  start  with 
the  true  metals  of  the  alkalis— that  is  to  say,  the  analogy  and  difference 
lietween  potassium  and  copper  is  of  the  same  nature  as  that  between 
chromium  and  selenium,  or  vanadium  and  arsenic. 

Copper  is  one  of  the  few  metals  wliich  have  long  been  known  in  a 
metallic  form.  The  Greeks  and  Romans  chiefly  imported  copper  from 
the  island  of  Cyprus — whence  its  Latin  name,  cnpmvi.  It  was  known 
to  the  ancients  before  iron,  and  was  used,  especially  when  alloyed  with 
other  metala,  for  arms  and  domestic  utensils.  This  will  be  understood 
from  the  fact  that  copper  occurs,  although  rarely,  in  a  native  alate,  and 
is  easily  extracted  from  its  other  natural  compounds.  Atuong  the  latter 
are  the  oxygen  compounds  of  copper.  When  ignited  with  charcoal, 
they  easily  give  up  their  oxygen  to  it,  and  yield  metallic  copper ; 
hydrogen  also  easily  takes  up  the  oxygen  from  copper  oxide  when 
heated.  Copper  occurs  in  a  native  state,  sometimes  in  association  with 
other  ores,  in  many  parts  of  the  Urals  and  in  Sweden,  and  in  con- 
siderable masses  in  America,  especially  round  about  the  great  American 
lakes ;  and  also  in  Chili,  Japan,  and  China,  The  oxygen  compounds 
of  copper  are  also  of  somewhat  common  occurrence  in  certain  localities ; 
in  this  respect  certain  deposits  of  the  Urals  are  especially  famous.  The 
geological  period  of  the  Urals  (PenniRn)  ia  cliaracterised  for  a  con- 
siderable distribution  of  copper  ores.  Copper  is  met  with  in  the  form 
of  cuproug  oxide,  or  auhoxide.  of  copper,  CujO,  and  is  then  known  as  red 
coppfr  ore,  because  it  forms  red  masses  which  not  unfreijuently  are 
crystallised  in  the  regular  system.  It  is  found  much  more  rarely  id 
the  state  of  eup-ie  onide,  CuO,  and  is  then  called  blaek  eop}ier  ore.  The 
moat  common  of  the  oxygenised  compounds  of  copper  are  the  haxie 
rarbnnnCet,  corresponding  with  the  oxides.  These  compounds  are 
mdubitfibly  of  aqueous  origin,  as  is  se«D  not  only  from  the  fact  that 
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specimens  are  frequently  foand  of  a  gradaal  transition  6t>in  the  metallic, 
sulphuretted,  and  oxidised  etjpper  into  its  various  carbonates^  but  also 
fn  >Qi  the  presence  of  water  in  their  composition,  and  from  the  laminar, 
reniform  structure  which  many  of  them  present.  In  this  respect  nytia- 
chiU  is  particularly  well  known  ;  it  is  used  for  ornaments,  owing  to 
the  diversity  of  the  shades  of  colour  presented  by  the  different  layers 
of  def>osited  malachite,  and  also  as  a  green  paint.  The  composition  of 
malachite  corresponds  with  the  basic  carbonate  containing  one  molecule 
of  cupric  carbonate  to  one  of  hydrosdde  :  CuCOjjCuHjOj.  In  this 
form  the  copper  frequently  appears  in  admixture  with  varions  sedi- 
mentary rocks,  forming  large  strata,  which  confirms  the  aqueous  origin 
of  these  compounds.  There  are  many  such  localities  in  the  Perm  and 
other  governments  bounding  the  Urals.  Blue  carbonate  of  copper,  or 
azitrite,  is  also  often  met  with  in  the  same  localities ;  it  contains  the 
same  ingredients  as  malachite,  but  in  a  different  proportion,  its  com- 
position being  CuH202,2CuC03.  Both  these  substances  may  be  ob- 
tained artificially  by  the  action  of  the  alkali  carbonates  on  solutions 
of  cupric  salts  at  various  temperatures.  These  native  carbonates  are 
often  used  for  the  extraction  of  copper,  all  the  more  as  they  very 
readily  give  metallic  copper,  evolving  water  and  carbonic  anhydride 
when  ignited,  and  leaving  the  easily- reducible  cupric  oxide.  Copper 
is,  however,  still  more  often  met  with  in  the  form  of  the  sulphides. 
The  sulphides  of  copper  generally  occur  in  chemical  combination  with 
the  sulphides  of  iron.* 

^  The  immenfte  qaantities  of  iron  pyrites,  FeS^.  which  are  sometimes  met  with  in 
nature,  vor}-  often  contain  a  small  qoantitv  of  copper  snlpliide,  and  on  burning  the  iroo 
pyrit'.'B  for  sulphnroas  aniiydride  the  copper  oxide  remains  in  the  residue,  from  which  the 
ro[i[>fr  iH  often  extracted  by  getting  it  into  solution  and  then  precipitating  it  by  the  action 
of  mf.'t.illic  iron.  For  this  purpose  the  whole  of  the  sulpliur  is  not  bamt  off  from  the 
iron  [pyrites,  but  a  portion  is  left  behind  in  the  ore,  which  is  then  slowly  ignited  (roasted) 
with  iu;ci*srt  of  air.  Cupric  sulphate  is  then  formed,  and  is  extracted  by  water ;  or,  what  i« 
better  and  more  frequently  done,  the  residue  from  the  roasting  of  the  pyrites  is  roasted 
with  common  salt,  and  the  solution  of  cupric  chloride  obtained  by  lixiviating  is  precipi- 
tated with  iron.  A  far  greater  amount  of  copper  is  obtained  from  other  solphuretted  ores. 
Among  these  copper  glance,  Cu.^S,  is  more  rarely  met  with.  It  has  a  metallic  lustrc,  it 
grey,  generally  crystalline,  and  id  obtained  in  admixture  with  organic  matter;  so  thst 
there  is  no  doubt  that  its  origin  is  due  to  the  reducing  action  of  the  latter  on  solationt 
of  cupric  sulphate.  Variegated  copper  ore,  which  crystallises  in  octahedra,  not  unfw^ 
quently  forms  an  admixture  in  copper  glance ;  it  has  a  metallic  lustre,  and  is  reddish- 
brown  ;  it  has  a  superficial  play  of  colours,  due  to  oxidation  proceeding  on  its  surface. 
ItH  composition  is  CujFeS.is.  But  the  most  common  and  widely -distributed  copper  ore  is 
ro/)y//?r7)yn7ea,  which  crystallises  in  regular  octahedra  and  is  often  non-crystalline;  it 
has  a  metallic  lustre,  a  sp.  gr.  of  4*0,  and  yellow  colour.  Its  composition  is  CuFeS^  It 
must  l>e  remarked  that  the  sulphurous  ores  of  copper  are  oxidised  in  the  presence  of 
water  containing  oxygen  in  solution,  and  form  cupric  sulphate,  blue  vitriol,  which  is 
easily  soluble  in  water.  If  this  water  contains  calcium  carbonate,  then  gypeum  and 
cupric  carbonate  is  formed  by  doable  decomposition:  Ca904-t-CaC03»:CnCOs-f  CaSO^ 
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Tlie  extraction  of  eopjjer  from  the  aeid  oreg  does  not  present  any 
difficulty,  because  the  copper,  when  ignited  with  charcoal  and  melted, 
is  reduced  from  the  imparities  which  accompany  it.  This  mode  of 
smelting  copper  ores  is  carried  on  in  cupola  or  cylindrical  furnaces, 
fluxes  forming  n.  slag  being  added  to  the  mixture  of  ore  and  charcoal. 
The  smelted  copper  still  contains  sulphur,  iron,  and  other  metallic 
impurities,  from  which  it  is  freed  by  fusion  in  reverberatory  furnaces, 
with  access  of  air  to  the  surface  of  the  molten  metal,  as  the  iron  and 
sulphur  are  more  easily  oxidised  than  the  copper.  The  iron  then 
separates  as  oxides,  which  collect  in  the  slag.' 

Tberefoni  copper  Hulphide  in  tlie  farm  of 
primarj  prodacl,  ajiil  Uie  mviy  oUier  eoiiper 
Tbii  i«  conBriued  by  tlie  fiwt  tlut  nt  tlie  pn 
oopper  mines  cnntung  cnprio  solpliate  in  aolntion.  From  this  liqaid  it  Is  eu;  lo  eitriut 
cuprio  aiide  liy  the  utign  of  lima,  or  metulliu  copper  b;  meauB  of  iroo;  the  latter  iaalui 
formed  by  the  actinn  of  organic  mutter  and  earioas  impncitici  □!  nal«r.  Hence  metalltu 
copper  it  Bonietiniea  found  in  natural  products  of  tbe  modiGcation  of  ooj^ier  ialpliidt>. 
and  is  probably  deposited  by  the  action  of  organic  matter  present  in  the  water. 

*  Bich  oiygeniaed  ores  of  copper  are  very  rars ;  the  EUlpbar  orei  are  of  more  commnii 
accnrranoe,  but  the  extraction  of  the  copper  from  them  is  much  more  difflanlL  Tbo 
problem  here  not  only  conaiBta  in  the  removal  of  the  aulpbnr,  but  itliio  in  the  removal  uE 
the  iron  combined  with  tlie  salphnr  and  copper.  ThtB  in  utttined  by  a  nhole  setieH  <•! 
operation!,  after  which  there  Htill  sometimeB  remsina  the  eitraotion  of  the  metallia  silver 
wbidi  genetaUy  accompanies  the  copper,  althongfa  in  bat  small  quantity.  Theae  processu'i 
oonuneuce  witii  the  roasting— i.s.  calcination — of  the  ore  with  access  of  air,  by  which  moand 
the  ealphor  is  converted  into  sulphuroDs  anhydride.  It  should  be  here  remarked  thnt 
iron  ai^hide  la  mure  easily  oiidiiied  than  copjwr  sulphide,  and  therefore  the  Kruah-.r 
part  el  the  iron  in  tlie  residue  from  roasting  is  no  longer  in  the  form  of  salphide  but  <it 
oxide  of  iion,  Tlie  toasted  ore  is  mixed  witli  charcoal,  silicaoaa  finxes,  and  ameltsd  iu 
a  cupola  fnniHW.  The  Irou  tben  passes  into  the  slag,  because  Ha  oiide  gives  an  easily- 
tanUe  mass  witli  the  silica,  whilst  the  copper,  in  the  farm  of  eolphide,  is  fused  ami 
collects  under  tlie  slug.  The  greater  part  of  the  iron  is  removed  from  the  luasa  by  thi< 
emelting.  The  resultant  cnarie  mera!  is  again  roasted  in  order  to  remove  the  greiilcr 
part  of  the  soiphnr  from  the  copper  sulphide,  and  to  convert  the  metal  into  oxide.  Tin- 
resultant  mass  is  again  smelted,  Theae  process.-s  ore  repeated  Mverol  times,  according 
to  the  lialinesa  ol  the  ore.  During  these  smeltin  ^a  a  portion  ut  the  cupper  la  already 
obtained  in  a  metniliu  form,  because  copper  snlph'de  gives  metoillic  cupper  Witli  tlieoxidi' 
(CuSi-9CuO-=8Cu  +  SOi).  Wo  will  not  here  d  .scribe  tlie  furnaces  uaed  or  Ibe  detaili' 
of  this  process,  but  the  above  remarks  iucludo  the  eiplaiiatiou  of  those  cbeinicul 
procewei  which  ar?  accomptished  in  the  various  technical  operations  which  are  lialt 
reconiae  lo  in  the  process. 

Besides  the  Hinelting  of  copper  there  also  enist  (and  begin  to  be  widely  applioil) 
RMlhods  tor  its  extraction  tcom  solutions  in  the  wet  way.  as  it  ia  called.  ReooDrso  is 
getwralty  hod  to  these  methods  for  poor  copper  ores.  The  methods  of  eitraotion  by  tin- 
wet  way  coosiit  in  traiuferring  the  copper  into  solatian,  from  which  it  is  separated  by 
meana'of  metallic  iron  or  by  other  methods  (by  the  action  ol  an  electric  cUrreDl).  The 
■alphidee  are  roasted  in  such  a  maimer  that  the  greater  port  of  the  copper  is  oKidiseil 
into  cupric  sulphate,  whilst  at  the  same  time  the  corresponding  iron  solid  are  as  for  a« 
possible  docompoBCd.  This  prooeaa  is  based  on  th«  fact  tliat  the  copper  sulphides  absorb 
oxygen  when  they  are  calcined  in  the  present  of  lur,  formitig  cuprio  sulphate.  Tbp 
rooeted  ore  is  treated  with  vntcr.  to  which  acid  is  sometimes  added,  and  after  lixivia 
in  the  resultant  soltttion  containing  copptir  is  treated  either  with  metolUo  iron,  or  willi 
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Copper  is  characterised  by  its  red  colour,  which  distinguishes  it 
from  all  other  metals.  Pure  copper  is  soft,  and  may  be  beaten  out  by 
a  hammer  at  the  ordinary  temperature,  and  when  hot  may  be  rolled 
into  very  thin  sheets.  Extremely  thin  leaves  of  copper  transmit  ft 
green  light.  The  tenacity  of  copper  is  also  rather  great,  and  after  iroD 
it  is  one  of  the  most  durable  metals  in  this  respect.  Copper  wire  of 
1  millimetre  radius  only  breaks  under  a  weight  of  137  kilograms.  The 
specific  gravity  of  copper  is  8*8,  unless  it  contains  cavities  due  to  the 
fact  that  molten  copper  absorbs  oxygen  from  the  air,  which  is  disen- 
gaged on  cooling,  and  therefore  gives  a  porous  mass  whose  density  is 
much  less.  Rolled  copper,  and  also  that  which  is  deposited  by  the  electric 
current,  has  a  comparatively  high  density.  Copper  melts  at  a  tempera- 
ture nearly  approaching  to  a  white  heat,  although  below  the  tempera- 
ture at  which  many  kinds  of  cast  iron  melt.  At  a  high  temperature 
it  is  converted  into  vapour,  which  communicates  a  green  colour  to  .the 
fiame.  Both  native  copper  and  that  cooled  from  a  molten  state  crystal- 
lise in  regular  octahedra.  Copper  is  not  oxidised  in  dry  air  at  the 
ordinary  temperature,  but  when  calcined  it  becomes  coated  with  a 
layer  of  oxide,  and  it  does  not  bum  even  at  the  highest  temperature. 
Copper,  when  calcined  in  air,  forms  either  the  red  cuprous  oxide  or  the 
black  cupric  oxide,  according  to  the  temperature  and  quantity  of  air 
supplied.     In  air  at  the  ordinary  temperature,  copper — as  every  one 


milk  of  lime,  which  precipitates  cupric  hydroxide  from  the  solution.  Poor  oxidised  ores 
of  copper  may  be  treated  with  dilute  acids  in  order  to  obtain  the  copper  oxides  in  solatioDf 
from  which  the  copper  is  then  easily  precipitated  either  by  iron  or  as  hydroxide  by  lime. 
According  to  Hunt  and  Douglas's  method,  the  copper  in  the  ore  is  converted  by  caldn*- 
tion  into  the  cupric  oxide,  which  is  brought  into  solution  by  the  action  of  a  mixture  of 
Kolutions  of  ferrous  sulphate  and  sodium  chloride,  because  the  oxide  converts  the 
ferrous  chloride  into  ferric  oxide,  forming  copper  chlorides,  according  to  the  equatioo 
aCuO  +  2FeCl2  =  CuCI^  +  2CuCl  +  FeaOj.  The  cupric  chloride  is  soluble  in  water,  and  the 
cuprous  chloride  is  dissolved  in  the  solution  of  sodium  chloride,  and  therefore  all  tiae 
copper  passes  into  solution,  from  which  it  is  precipitated  by  iron. 

The  copper  brought  into  the  market  often  contains  small  quantities  of  various  impuri- 
ties. Among  these  there  are  generally  present  iron,  lead,  silver,  arsenic,  and  sometimes 
small  quantities  of  oxides  of  copper.  As  copper,  when  mixed  witli  a  small  amount  of 
foreign  substances,  loses  its  tenacity  to  a  certain  degree,  the  manufacture  of  very  thin 
sheet  copper  requires  the  use  of  Chili  copper,  which  is  distinguished  for  its  great  soltnesa, 
and  therefore,  when  it  is  desired  to  have  pure  copper,  it  is  best  to  take  thin  sheet  copper, 
like  that  which  is  used  in  the  manufacture  of  cartridges.  But  the  purest  copper  is  electro- 
lytic copper — that  is,  that  which  is  deposited  from  a  solution  by  the  action  of  an 
electric  current. 

If  the  copper  contains  silve~,  as  is  often  the  case,  it  is  used  at  gold  refineries  for  the 
l>recipitation  of  silver  from  its  solutions  in  sulphuric  acid.  Iron  and  zinc  reduce  copper, 
but  copper  reduces  mercury  and  silver.  The  precipitate  contains  not  only  the  silver 
which  was  previously  in  solution,  but  also  all  that  which  was  in  the  copper.  The  silver 
solutions  in  suli^huric  acid  are  obtained  in  the  separation  of  silver  from  gold  by  tieating 
their  alloys  with  sulphuric  acid,  which  only  dissolves  the  silver. 
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I     knows— becomes  coated  with  a  brown  layer  of  oxides  or  a  green  coating 
I     of  basic  salts,  due  to  the  action  of  the  damp  air  containing  carbonic 
J     (icid.      If  this  action  continue  for  a.  prolonged  time,  tjie  copper  is 
I      covered  with  a  thick  coating  of  basic  carbonate,  or  the  so-called  verdi- 
gris (the   rtrugo  nobiUs  of  ancient  Ktutues).      This  is  due  to  the  fact 
^     that  copper,  although  scarcely  capable  of  oxidising  by  itself,*  in  (Ae 
I     jtregence  of  Kaler  and  avids — even  very  feeble  acids,  like  the  carbonic 
acid— (ii«orfcs  oxygen  from  the  air  and  forma  salts,  which  is  a  very 
characteristic  property  of  it  (and  of  lead).     Copper  does  not  deeotnpom 
texiler,  and  does  not  disengage  hydrogen  from  it  either  at  the  ordinary  or 
at  high  temperatures.      So  also  copper  does  not  liberate  hydrogen  from 
the  oxygen  acids,  which  act  on  it  in  two  ways  :  they  either  give  up  a 
portion  of  their  oxygen,  forming  lower  grades  of  oxidation,  or  else  only 
react  in  the  presence  of  air.     Thus,  when  nitric  acid  acts  on  copper  it 
evolves  nitric  oxide,  the  copper  being  oxidised  at  tlie  expense  of  the 
nitric  acid.      So  also   copper  converts  sulphuric   acid  into  the  lower 
grade  of  oxidation — into  sulpliurous  anliydride,  SO,.     In  these  cases, 
the  copper  is  oxidised  into  cupper  oxide,  which  combines  with  the 
excess  of  acid  taken,  and  therefore  forms  a  cupric  salt,  CuX^.     Dilute 
nitric  acid  does  not  act  on  copper,  even  at  the  ordinary  temperature, 
but  when  heated  it  reacts  with  great  ease  ;  but  dilute  sulphuric  acid 
dues  not  act  on  copper  unless  it  have  access  to  air.^ 


^  Schtitzenbergtir  showed  tbnt  vhsn  the  bBdJc  carbojibtG  of  copper  i«  decompofwd  bj 
JU1  electric  cnrreat  it  givefi,  beaideB  tbe  oTdiciiry  coppciTt  an.  allotropiu  lonu  which  grows 
on  tbe  ne(!»tive  pUtinani  tlectrode,  if  itaaurfiica  be  lem  thuu  the  positive  copper  eleotrode, 
in  Uie  fona  of  brittle  crystalline  gruvtbi  of  up.  gr.  H'l.  It  diSera  from  ordinary  copper 
bj  its  giving  not  Ditrio  oxide  bat  aitrouu  oxide  when  Ireiiited  witli  nitric  acid,  and  ia 
bring  rery  cosily  oxidised  in  air,  and  covered  with  red  aliades  of  colour.  Is  not  thii 
hydrogenised  copper,  or  copper  mhicli  baa  occluded  hydrogen? 

"  In  tbe  presence  of  air,  even  saeh  feeble  acids  as  carbonic  acid  produce  an  action  on 
copper;  tbe  copper  then  resdll;  absorbs  oijgen  and  gives  capiic  oxide,  which  enters 
into  combination  with  the  acid  and  forniR  a  copper  salt.  TItis  is  taken  advantage 
nt  in  practice ;  tor  instance,  by  ponring  dilnte  acicln  oier  copper  turnings  on  revolviag 
tables  in  the  preparation  of  copper  salts,  sach  as  verdigris,  or  tbe  basic  acetate 
aC,H,CnO(,CuH!,Oa,BH,0,  which  is  so  mucb  aseil  as  an  oQ  paint  [i.e.  with  boiled  oil). 
The  capacity  of  copper  for  absorbing  oiygen  in  thu  presence  of  ncids  is  so  great  that  it 
is  poaaible  by  this  means  (by  taking,  lor  example,  thin  copper  shavings  moistened  with 
snlphmic  acid)  ta  take  up  all  the  oxygen  froiti  a  given  Toluine  of  air,  and  this  is  even 
employed  for  the  aoalyus  of  air. 

Tbe  combination  of  copper  with  oxygen  is  not  only  aided  by  acids  but  also  by  aUralifl, 
although  Dupric  oxide  does  not  appear  to  have  an  add  cbaracler.  Alkalis  do  not  act  on 
copper  except  in  the  presence  of  air,  when  they  produce  cnprie  oxide,  which  does  not  appear 
Id  combine  with  each  alkalis  as  canstic  potath  or  soda.  Bat  the  aelion  of  omaionia  is 
particularly  distinct  (Vol.  t.  p.  S3S,  Kote  9),  In  tbe  action  <if  a  colution  of  ammonin  not 
only  ia  onygen  absorbed  by  the  copper,  bnt  it  also  nets  on  tlie  ammonia,  and  a  definite 
qaontitj  of  ammonia  ia  always  acted  on  simultaneonsly  with  the  passage  of  the  copper 
into  tolution.    I'lu  ammoma  is  then  converted  into  nitrous  acid,  accordiug  to  the  re- 
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Both  the  oxides  of  copper,  Ca^O  and  CaO,  are  unacted  on  bj  air, 
and,  as  )ia»  been  alreadv  mentioned,  thev  bo^  oocnr  in  natare.  How- 
ever,  in  the  majoritj  of  cases  copper  is  obtained  in  the  form  of  cspiie 
oxide  and  its  salts — for  example,  the  coppter  compoonds  naed  in  practice 
generally  l^elong  to  this  type.  This  is  due  to  the  fact  that  the  euprout 
roiajjoands  nbtsorb  oxyyen  from  the  air  and  pass  into  cupric  compoaiKk 
The  cupric  compounds  maj  serve  as  the  source  for  the  preparation  ol 
cuprous  oxide,  because  many  reducing  agents  are  capable  of  deoxidising 
tlie  oxide  into  the  suboxide.  Organic  substances  are  most  gen^iJlj 
employed  for  this  purj>ose,  and  especially  saccharine  substances,  which 
are  aVjle,  in  the  presence  of  alkalis,  to  undergo  oxidation  at  the  expense 
of  the  oxygen  of  the  cupric  oxide,  and  to  give  acids  which  comhine 
with  the  alkali:  2CuO  — O^CusO.  In  this  case,  the  deoxidation  of 
tlie  copj>er  may  \>e  carried  further  and  metallic  copper  be  obtained,  if 
only  the  reaction  be  aided  by  heat.  Thus,  for  example,  a  fine  powder 
of  ujetallic  copper  may  be  obtained  by  heating  an  ammoniacal  soluti(m 
of  cupric  oxide  with  caustic  potash  and  grape  sugar.  But  if  the  re- 
ducing action  of  the  saccharine  sul^stance  proceed  in  the  presence  of  a 
Huflicient  quantity  of  alkali,  and  at  not  too  high  a  temperature  and  in 
solution,  then  cuprous  oxide  is  obtained.  To  see  this  reaction  clearly, 
it  i.s  not  sufficient  to  take  any  cupric  salt,  because  the  alkali  neces- 

iiction  :  NH5-i-03  =  NHO,>  +  H;;0,  ami  the  nitroas  acid  thus  formed  passes  into  the  state 
of  uiiiinoniuin  nitrite,  NH4NO2.  In  thin  manner  three  eqaivalents  of  oxygen  are  ex- 
{Kfridc'd  on  the  oxidation  of  the  ammonia,  and  six  eqaivalents  of  oxygen  pass  over  to  the 
roii|Mir,  forming  six  atoms  of  cupric  oxide.  The  latter  does  not  remain  in  the  state  of 
oxide,  but  conihines  with  the  ammonia. 

A  Htrong  Holution  of  common  salt  df>e8  not  act  on  copper,  but  a  dilate  solation  of  the 
Kult  corro<li'»  cop[)cr,  converting  it  into  oxychloride — that  is,  in  the  presence  of  air. 
Tliiri  action  of  Halt  water  is  evident  in  those  cases  where  the  bottom  of  ships  are  coated 
with  rt)i«*vt  copper.  From  what  has  l)een  said  above  it  will  be  evident  that  copper  veseelB 
hhould  not  be  empIoyc<l  in  the  preparation  of  food,  because  this  contains  salts  and 
urirU  whicli  act  on  copper  in  the  presence  of  air,  and  give  copper  salts,  which  are 
p'MsoTtoiiH,  and  therefore  the  food  prepared  in  untinued  copper  vessels  may  bepoisoaoaa 
Hence  tinned  vesHols  are  employed  for  tliis  puq>ose — that  is,  copper  vessels  coated  with 
a  ihin  layer  of  tin,  on  which  acid  and  saline  solutions  do  not  act. 

('oppcr,  iKfHides  the  cuprous  oxide,  CuaO,  and  cui)ric  oxide,  CuO,  gives  two  known 
p«>roxide  forms  of  oxidation,  but  they  have  barely  been  investigated,  and  even  their  com* 
poHition  is  not  well  known.  Copper  dioxide  (CuO.2,  or  Cu02,H20,  perhaps  CaHO^)  ii 
obtaiix'd  by  the  action  of  hydrogen  i^eroxide  on  cupric  hydroxide,  when  the  green 
colour  of  the  latter  is  chango<l  into  yellow.  It  is  very  unstable,  and  is  even  decomposed 
by  boiling  water,  with  the  evolution  of  oxygen,  whilst  the  action  of  acids  gives  cupric 
HiiltH,  oxygen  being  also  disengaged.  A  still  higher  copper  jteroxide  is  formed  by  heating 
a  mixture  of  caustic  potash,  nitre,  and  motallio  copper  to  a  red  heat,  and  by  dissolving 
cupric  hydroxide  in  solutions  of  the  hypochlorites  of  the  alkali  metals.  A  slight 
httiiting  of  the  soluble  salt  formed  is  enough  for  it  to  be  decomposed  into  oxygen  and 
cop]M.>r  dioxide,  which  is  precipitated.  Judging  from  Fremy's  researches,  the  composition 
of  the  copper-potassic  compound  should  be  K2CUO4.  Perhaps  this  is  a  compound  of 
peroxides  of  iKitassium,  K2O2,  and  of  copper,  CuO^  (see  Chapter  XX.  Notes  6S-64), 


COPPEE.  SIU-ER,  AND  GOLD  S79 

sn.ry  for  the  reaction  might,  precipitate  cupric  o.vide — it  is  necessary 
to  previously  add  some  substance  which  will  prevent  this  precipi- 
tation. Among  such  substances,  tartaric  acid,  C^HgOm  is  one  of  tlie 
best.  In  the  presence  of  a  sufficient  quantity  of  tartaric  acid,  any 
amount  of  alkali  may  be  added  to  a  solution  of  cupric  salt  without 
producing  a  precipitate,  because  a  soluble  double  salt  of  cupric  oxide 
»nd  alkali  is  then  formed.  If  glucose  be  added  to  such  im  alkaline 
tartaric  solution,  and  the  temperature  he  slightly  raised,  it  first  gives 
a  yellow  precipitate  (this  is  cuprous  hydroxide,  CuHO),  and  then,  on 
boiling,  a  red  precipitate  of  (anhydrous)  cuprous  oxide.  If  such  a 
mixture  be  left  for  a  long  time  at  the  ordinary  temperature,  it  deposits 
well-formed  crystals  of  anhydrous  cuprous  oxide  belonging  to  the 
regular  system.' 


!■  Colonrless  Bolotions  of  cuproas  eaJW  may  aJao  be  ohtained  bj  the  action  of  tui- 
phorouA  or  phMphoroufl  ncid  and  like  ^weTgrad^u  ot  oxidation  on  the  blue  aolaCioua  of 
the  cupric  sklta.  This  ii  retj  cleiuly  and  oaelly  aocampliihed  by  means  of  ■odium  thio. 
>ulpli*it«,  NmjSjOj,  which  is  oiidieod  by  the  proouas.  Capmns  oxide  can  not  only  be 
obtained  by  the  deoiidation  ol  cupric  oxide,  bnt  «lso  direotly  from  metallic  copper  iteeU. 
because  the  lattfir,  in  oiidiiing  at  a  red  heat  in  air,  first  gives  cuprons  oxide.  It  is  pre- 
pand  in  this  manner  on  a  large  scale  by  heatiug  sheet  copper  railed  into  spirals  iu 
fvYerbiTatory  furnaces.  It  must  be  seen  that  the  air  is  not  in  great  exoesB,  and  that  the 
coating  of  red  capious  oxide  formed  does  nut  begin  to  pass  into  the  hlaok  cupric  oxide. 
If  the  oxidised  spiral  sheet  i«  then  unbent,  the  brittle  cuprous  oxide  tsUe  away  from 
the  soft  metal.     Tbe  Buboxide  obtained  in  this  miuiner  fuses  with  ease.    II  is  oeoesnnry 

must  be  mixed  with  charcoal,  wbiuh  reduces  the  latter.  Cuprous  chloride,  CuCl,  corre- 
sponding with  cuprous  oxide  (aa  sodium  chloride  corresponds  with  sodium  oiide),  n-lien 
calcined  with  itodimu  carbonate,  gives  sodium  chloride  and  cuprous  oxide,  carbonic 
anhydride  being  evolved,  because  it  does  not  combine  with  the  CDpioua  oxide  under  these 
conditions.  The  reaction  can  be  eipresaed  by  the  rollowing  equation:  aCnCl-i-Na,CO] 
=  CiiiD  +  INaCl  +  CO,.  The  cupric  oxide  itself,  when  calcined  with  flnely-divided  copper 
Ithis  copper  powder  may  be  obtained  by  many  means  1  for  inelonce,  by  immersing  iiuc 
in  B  solution  of  a  copper  salt,  or  by  igniting  cupric  oxide  in  hydrogen),  gives  the  tnsible 
CDproos  oxide:  Cn  +  CDO'Cu,0.  Both  the  native  ood  artificial  coprons  oxide  has  a 
■p,  gr.  of  B-n,  It  is  insoluble  in  water,  and  is  not  acted  on  by  (dry)  air.  When  heated  with 
odds  the saboiide  forms  «  solution  of  a  cupric  salt  and  metallic  copper;  [or  example, 
CntO  +  HiSOt  ^Cq  +  CuS04-F  H,0.  However,  strong  hydrochloric  acid  does  not  separate 
metallic  copper  on  dissolving  cuprous  oxide,  which  is  due  (o  the  fact  that  the  cuproue 
chtoride  formed  is  soluble  in  strong  hydrochloric  mcid.  Caprona  oxide  also  diasolres  in 
a  solutiou  ot  ammonia,  and,  in  the  absence  of  air,  gives  a  coloarlesi  solution,  which  toma 
bltie  in  the  air,  obaorbing  oxygen,  owing  to  the  conversion  of  the  cuprous  oxide  into 
cupric  oxide.  Tlie  blue  aolation  thus  Formed  may  be  again  reconverted  into  a  colourlese 
cuprous  solatiou  by  immersing  a  copper  atrip  in  it.  beoanae  the  metnlhc  copper  then 
deoxidiaei  the  cupric  oxide  in  the  solution  into  cuprous  oxide.  Cuprous  oxide  ia  charac- 
terised by  the  lant  that  it  gives  red  glsasea  when  fused  with  glass  or  with  salts  forming 
vitreous  alloys.  Glass  tinted  with  caprona  oxide  is  used  for  omaraents.  The  access  of 
air  mutt  be  avoided  dnring  its  preparation,  because  the  colour  then  becomes  green,  owing 
to  the  formation  of  cupric  oxide  which  colours  glass  blue.  This  may  even  be  taken 
advantage  of  in  testing  for  copper  under  the  blow- pipe  by  heating  the  coppet  compouml 
with  boTU  in  the  flouu  ot »  blow-pipe ;  ■  red  gla«s  is  obtained  in  the  reducing  flame. 
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Cupric  chloride,  CuClj,  when  ignited,  gives  cuprout  chloride^  CnCl 
— i.e.  the  salt  corresponding  with  suboxide  of  copper — and  therefore 
cuprous  chloride  is  always  formed  whenever  copper  enters  into  reactaon 
with  chlorine  at  a  high  temperature.     Thus,  for  example,  when  copper 
is  calcined  with  mercuric  chloride,  it  forms  cuprous  chloride  and  vapoui 
of  mercury.     The  same  substance  is  obtained  on   heating   meUllie 
copper  in  hydrochloric  acid,  hydrogen  being  disengaged  ;  but  this  reu- 
tiou  only  proceeds  with  finely -divided  copper,  as  hydrochloric  acid  acti 
very  feebly  on  compact  masses  of  copper,  and,  in  the  presence  of  tir, 
gives  cupric  chloride.     The  green  solution  of  cupric  chloride  is  decokh 
rised    by  metallic  copper,  cuprous  chloride  being  formed ;    but  this 
reaction  is  only  accomplished  with  ease  when  the  solution  is  very  oon- 
centrated  and  in  the  presence  of  an  excess  of  hydrochloric  acid,  because 
the  latter  dissolves  the  cuprous  chloride.     The  addition  of  water  to  the 
solution  precipitates  the  cuprous  chloride  because  it  is  less  soluble  in 
dilute  than  in  strong  hydrocldoric  acid.     Many  reducing  agents  which 
are  able  to  take  up  half  the  oxygen  from  cupric  oxide  are  able,  in  the 
pi-esence  of  hydrochloric  acid,  to  form  cuprous  chloride.      Stannoas 
sfilts,  sulphurous  anhydride,  alkali  sulphites,  phosphoroos  and  hypo- 
phosphorous  acids,  and   many  similar   reducing  agents,  act   in  tl^ 
manner.     The  usual  method  of  preparing  cuprous  chloride  consists  in 
passing  sulphurous  anhydride  into  a  very  strong  solution  of  cupric 
chloride :  2CuClj  +  S0/+  H,0  =  2Cua  +  2HC1  +  H^O^.      Cuiatxu 
chloride  forms  colourless  cubic  crystals  which  are  insoluble  in  water. 
It  is  easily  fusible,  and  even  volatile.     Under  the  acticm  of  oxidising 
agents,  it  passes  into  the  cupric  salt,  and  it  absorbs  oxygen  from  moist 
2iir,  forming  cupric  oxy chloride,  Cu^Cl^O.     Aqu^otu  ammonia  easilj 
(ii;fsofres  cuprous  chloride  as  well  as  cuprous  oxide  ;  the  aolution  also 
turns  blue  on  exposure  to  the  air.     Thus  an  anmioniacal  solution  of 
cuprous  chloride  serves  as  an  excellent  absorbent  for  oxygen;  but  this 
solution  absorbs  not  only  oxygen,  but  also  certain  other  gases — for 
example,  carbonic  oxide  and  acetylene.* 

acd  *  blue  glAss  in  the  oxidising  flAme,  owing  to  the  conTersioii  of  the  cnprous  inlo 
caprlc  oxide. 

Et&rd  ilSSSi.  br  passing  snlpharoas  Anhrdride  into  a  sohitioii  of  cupric  •ceiaie,  ob> 
rained  a  white  precipitate  of  cnproas  sulphite.  Ca2^0j.H*0.  whilst  he  obtained  the  Mine 
&al!.  cf  a  red  colour,  from  the  dooble  salt  of  sodium  and  copper;  bat  thoe  are  not  any 
convincing  proofs  of  isomerism  in  this  case. 

^  The  solubility  of  cuprous  chloride  in  ammonia  is  due  to  the  fonnation  of  compoqnds 
Ur:w«<Hec  the  ammcmia  and  the  chlc<ride.  In  a  warm  solution  the  compound  XHs^iCiiCI 
i>  fortat^.  and  at  the  ordinary  temperatuie  CuCl.NH>  This  salt  is  soluble  in  hfdro- 
chl.^rlc  acid,  and  then  forms  a  oorzesponding  double  salt  of  mpixNis  chlonde  and  ammo* 
n:um  chloride.  By  the  action  of  a  certain  excess  of  ammonia  on  a  hydrochloric  add 
s«.Oauon  of   cuprous   chlonde,  Tery  well    formed   crysuls,   hariiig   the   compoaition 
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When  copper  ia  oxidised  with  a  considerable  quantity  of  oxygen  at 
A  high  tcnifterature,  or  at  the  ordinary  temperature  in  the  presence  of 
HCids,  and  also  when  it  decomposes  acids,  converting  them  into  lower 
grades  of  oxidation  (for  example,  when  submitted  to  the  action  of 
bitric  and  sulphuric  acids),  it  forma  eriprie  oxide,  CuO,  or,  in  the 
presence  of  acids,  cupric  salts.  Copper  rust,  or  that  biaek  mftsa  which 
foruia  on  the  surface  of  copper  when  it  is  calcined,  consists  of  cupric 
oxide.  The  coating  of  the  oxidised  copper  ia  very  easily  separated 
from  the  metallic  copper,  because  it  is  brittle  and  very  easily  peels  off 
when  it  is  struck  or  immersed  in  water.  Anhydrous  cupric  oxide  is 
very  easily  dissolved  in  acids,  forming  cupric  salts,  CuXj,  They  are 
analogous  to  the  salts  MgX,,  ZnXj,  NiXj,  FeX„  in  many  respects. 

CiiCt,NII].H)0,  Are  nlitained.  Caprous  chloride  is  nnt  onl;  eolabl«  in  BinmoiiiH  ui<1 
bjdrochloni!  acid,  bntit  &]ao  diasolTBa  in  BolntionB  nt  certain  othiiF  uilta— for  eiample,  in 
HOdinm  chloride,  potosBimn  chlorida,  Bodinm  thios-ulphute,  and  curtain  otbers.  Ail  (lie 
Bdltriions  of  cnpronB  clUoridfl  AOt  in  mau^  coseB  bb  very  powflrfnl  deoxiiliaint!  BabfitoJicts. 
•o,  for  Bisniplo,  it  is  easy,  bj  means  of  these  tolntiona,  to  precipitftto  gold  from  its  boIu- 
tioDS  in  H  uietallio  tonu,  ocoording  to  the  eqaaliou  AuClj  +  SCaCl^Au-i-SCuClg. 

Among  the  other  coropoanda  Mirreaponding  with  cnprona  oiide,  cuprous  iodide,  Cal, 
ia  wortby  of  remark.  It  ia  a  colourleaa  Bnbatamce  which  ia  inBolable  in  water  and 
sparingly  Boloble  in  ammonia  (like  ailver  iodide),  b  nt  capable  of  abaorbing  it,  und  in  thia 
reapect  it  resembleB  cnprona  chloridp.  It  is  rcnmikable  from  the  fact  that  it  ia  eiceed- 
ingly  eoiiilf  formed  (ram  the  correaponding  onpric  compound  Calg.  A  tolation  of  cupric 
io^de  easily  docompoaea  into  iodine  and  caproaa  iodide,  even  at  the  ordinar;  tempera- 
tnre,  whilst  cupric  chloride  only  suffers  a  aimilor  change  on  ignition.  If  a  aolntjon  of  a 
cupric  aalt  be  miied  with  a  solntion  of  potainium  iodide  the  cupric  iodide  formed  imme- 
diately decomposea  into  free  iodine  and  cuprous  iodide,  which  Bepaml«8  ont  aa  a  precipi- 
tate. In  this  cose  tbe  cupric  salt  acts  in  on  oiidieiug  manner,  like,  for  einmple,  nitrous 
ociii,  oBonp.  and  other  subatances  which  liberate  ioitine  from  iodidpa,  bat  with  this  differ- 
ence, that  it  only  liberates  half,  whilst  they  net  free  the  whole  of  the  iodine  from  potAs- 
■inm  iodide!  aKI  +  CuClj-aKCl  +  Cnl  +  I. 

It  must  sIbd  be  remarked  that  ciiprons  oiide,  when  treated  with  hydroflnoric  acid, 
gives  an  inaolnble  cuprons  flnoride,  CnF.  Capreua  cyanide  ia  also  inaoluble  in  water, 
and  ia  obtained  by  the  addition  of  hydrocyanic  acid  to  a  aolution  of  cupric  chloride 
BAtuTHled  witli  enlphnrons  anhydride.  This  cuprous  cyanide,  like  silver  cyanide,  gives  a 
double  solnble  salt  with  potssainm  cyanide.  The  double  cyanide  o(  copper  and  potaaaium 
is  rather  atable  in  tbe  air,  and  entera  into  donble  decompositions  with  TuiouB  other 
Balta,  tike  those  double  eyamdea  of  iron  with  which  we  ore  already  oeqniunted. 

Copprr  hydride,  CuH,  also  belongn  to  tbe  number  of  the  cupmua  compounds.  It  naa 
oblflined  by  Wllrtz  by  mixing  a  hot  (70°)  solution  of  cupric  Hulphate  with  a  solution  of 
hypophoBphorons  acid,  HjPO].  The  addition  ot  the  reducing  hypophoaphomna  acid 
mast  be  stopped  when  a  brown  precipitate  mskes  its  appearance,  and  when  goa  begins 
to  be  erolved.  The  brown  precipitate  is  the  hydmted  cuprons  hyilride.  When  gently 
heated  it  disengages  hydrogen ;  it  givea  cuprotis  oxide  when  eipoaed  to  the  air, 
bnmB  in  a  stream  of  ohlorine,  and  liberates  hydrogen  witli  hydrochlorio  odd; 
CnH  +  HCl-CnCUHj.  Zinc,  silver,  mercury,  lead,  and  many  other  heavy  iDetala 
do  not  form  anch  a  compound  with  hydrogen,  neither  under  these  circumatoiicee  nnr 
under  the  action  of  hydrogen  at  the  mottirnt  of  the  decomposition  of  salts  by  a  golruiic 
cnrront.  The  greatest  reeemblonre  is  seen  between  cnprona  hydride  and  the  hydrogen 
compounds  of  potasaium,  sodiam,  and  platinum — a  (act  which  is  not  void  of  interest, 
owing  to  the  [iroiimity  of  these  netals  in  the  periodic  system. 
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ArtJkh.r'iiral  crr»Ukls  of  k  t/.i:^  cz/Iour.  *:ot^XA\'  iz.s  C'sC. -jiy H'JB..O.  A:  150'  this  fswtAiiee 
!•«-■>««  Ijuf  the  unmoiii*  «.ri-:  fcll  tL«  -wiLXeT  contAir:«^  ir  it.  I«aTi::^  sL«  occapccsd  CaClB.^^> 
N.:ri:r  rf  cr/pi*r  ion:^^  ti.*r  '•oir.j^r^i.d  Ca  NO7  wiXH;.  Tcif  ccicpocxxM]  tcsiAms  un- 
v.:^-jrd  on  evuj^^ratlor..  Drj  irtijnc  calpbat«  ni^-rt't  amzsociA  ^;i«.  aad  gire*  a  coa- 
(x  u::.:  cMitaiiiiri;^  £v«  n:ioI«c;]I<r«  of  unmoDift  to  o:;e  of  A'alfhAt^  TcL  I.  p.  3S4  .  If  thit 
\-.*u:i-~-:iiid  is  dlftV^Ircrd  iz>  h/\ru:^*''s.h  ^nuxiOciA.  or.  «:TAporAtios  :t  depoftiti  a  czjitAluiie  ftob> 
ji:.*r:.>r  c>-nt&:DiTii:  CaHOf.lNH^/J.  At  150'  this  palctAnce  Io3««  tke  raolecolc  of  valer 
A=«l  •=n<^foarth  of  itf  uuinfm'vL.  On  l^itioD  aII  thc's^  oompc-ascs part  vrth  tli«  rexnAizun; 
*a:::-.cn:a  ia  th«  form  of  an  niZimonlaca!  <rAlt.  so  that  the-  r««:diie  ccDs£*ts  of  coprie 
ox:do.     B<:ith  the  hjdrated  and  Anhvlroaf^  cuj>nc  fxide  :f  fic<labl«  in  aqneoos  mTyiirwaii* 

The  i^^ation  obtAined  bv  the  action  of  a/|ac<^a4  anunotuA  and  air  on  copper  tania^ft 
t  Note  0  is  remarkable  for  its  facaltj  of  dwolriwj  cfUuuM.  which  is  insoluble  in  water, 
ditate  acidf».  and  aUudis.  Paj^r  f»/^iaked  in  Fuch  a  #oIati>:>a  acqaires  the  piopertr  of  nol 
T\^:::n^.  of  beinj^  difficaltly  cy/mbohtible,  and  waterproof.  Jl'c.  It  has  tbfereforv  bceo 
ai^4:eii.  ei»f  lecially  in  Enirland.  t/>  imuiv  practical  parprnHrs — for  example,  to  the  oonstmc- 
tion  of  temi>orarT  boildingp,  f^ir  covering  ttjfAr^  A^c.  The  compofdtion  of  the  snbfttanoe 
held  in  tiolntion  it*  Cu  H0'',^4NH;. 

If  dry  ammonia  ga<>  be  passe*!  orer  cnpric  oxide  lieated  to  265*.  a  portion  of  the  oxide 
of  copper  rcrnaini*  unaltered,  whilst  the  other  portion  gives  copper  nitride,  the  oxygen  of 
the  i-opx>^r  oxide  combining  with  the  hydrogen  and  forming  water.  The  oxide  of  c<^iper 
which  remainH  unchanged  in  easily  removed  by  washing  the  resultant  product  with 
aqueous  afumimia.  Copi^er  nitride  is  very  stable,  and  is  insoluble ;  it  has  the  compositioai 
Cu-.N.  and  is  an  amorphous  gr*Hfn  {towder.  which  is  decompose<l  when  strongly  ignited, 
and  ^\yhH  cuprous  cliloride  and  ammonium  chkiride  when  treated  with  hydrochloric  acid. 
Likt^  the  other  nitrides  copier  nitride,  Cu^X.  has  scarcely  been  investigated,  althouK^  ^^ 
would  be  very  imjiortant  to  become  acfjuainted  with  the  fundamental  properties  of  these 
ciMnp<»undH  for  the  purpr^se  of  characterising  the  compounds  of  nitrogen.  It  is  clear  from 
the  above  <onip<^Bition  that  the  copper  in  copper  nitride  occupies  the  place  of  hydrogen, 
and  acts  like  a  univalent  metal — that  is,  the  nitride  corresponds  with  coproas  oxide. 
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taken  at  the  ordinary  tptnperature.  A  hot  solution  gives  a  black  pre- 
cipitate of  the  anhydrous  oxide  instead  of  the  blue  precipitate,  and  the 
precipitate  of  the  hydroxide  of  coppei-  becomes  granular,  and  tunis 
black  when  the  solution  is  heated.  This  is  due  to  the  fact  that  the 
blue  hydroxide  is  exceedingly  unstable,  and  when  slightly  heated  it 
loses  the  elements  of  water  and  gives  the  black  anhydrous  cupric  oxide  : 
CuHsOj=CuO  +  H,0. 

Cupric  oxide  fuses  at  a  strong  heat,  and  on  cooling  forms  a  heavy 
crystalline  mass,  which  ia  black,  opaque,  and  somewhat  tenacious.  It 
is  a  feebly  energetic  base,  so  that  not  only  do  the  oxides  of  the  metals 
of  the  alkalis  and  alkaline  earths  displace  it  from  its  compounds,  but 
even  such  oxides  as  those  of  lead  and  silver  precipitate  it  from  solutions, 
which  is  partially  due  to  the^e  oxides  being  soluble,  although  slightly 
so,  in  water.  However,  cupric  oxide,  and  especially  the  hydroxide, 
easily  combines  with  even  the  least  energetic  acids,  and  does  not  give 
any  compounds  with  bases  ;  but,  on  the  other  hand,  it  eaaily  /onn» 
baf'ic  salU,  and  in  this  respect  outstrips  magnesium  and  recalb  the 
oxides  of  lead  or  mercury.  Therefore  the  hydroxide  of  copper  dis- 
solves in  solutions  of  neutral  cupric  salts.  The  cupric  salts  are  generally 
blue  or  green,  because  cupric  hydroxide  itself  is  colourad.  But  some 
of  the  Bolts  are  colourless  in  the  anhydrous  state.'" 

'0  The  normel  rupf t'c  mfrofr,  CuN.jOj.BttjO,  is  nblained  Kaadeliqueacentand  colnble 
(In  •Jpohol)  salt  of  a  bine  colour  by  diBsolving  oopper  or  capric  oxide  in  nitric  aciii.  It  ia 
■CI  euily  dMompooed  bj  the  nftion  of  heat  that  it  in  iinposHible  Co  drive  oil  the  walet  ol 
cryrtitUiration  (mm  it,  as  iC  bet^ina  to  decompou,  leaving  caprio  oxide,  before  the  water 
CoiaeaoS.  During  (he  ignition  of  the  normal  salt  the  caprio  onide  (armed  eaters  into 
combination  vilb  the  remaining  nndecompoaed  normal  aalt,  and  givea  a  basic  salt, 
CuN]0^9CaH,0.j.  The  aame  banic  salt  ia  obtained  it  a  certain  qaantitr  of  alkali  or 
cupric  hfdioiide  or  carbcnate  be  added  to  the  tolnUoD  ol  the  normal  salt,  which  is  even 
decomposed  vhen  boiled  with  metallic  copper,  and  forms  tlie  basic  aalt  as  a  green 
potrder,  which  easily  deooRipojics  under  the  notion  of  heat  and  leaves  a  residne  ol  cupric 
oiide.    The  basic  salt,  havirig  the  composition  CuN^O^iSCuHyO^  is  neatly  insolnble  in 

The  Donna]  earbonate  of  copprr,  CaCOj,  occotb  in  natare,  although  eitremely  rarely. 
If  solutions  o(  cnjiric  salts  be  miiod  with  solutions  ot  alkali  carbonates,  then,  aa  in  tlie 
caxc  nl  magne«ium.  carbonic  anhydride  is  evolved  and  basic  salts  are  formed,  which  vary 
in  composition  according  to  Iho  temperature  and  conditiona  of  the  reaction.  By  mixing 
cold  solutions,  a  volaminous  blue  precipitate  is  fOTmed,  containing  an  equivalent  pro- 
portion of  cupric  hydroxide  and  cacbonale  (after  atanding  ot  heating,  its  composition  is 
llin  same  aa  malachite:  «p.  gr.,  S-G):  aCuSO^ -l'gMa^OJ-l-B)0>CuC03,CnH,0}  + 
li^a,SO,  +  CO,.  If  the  tesoltant  bine  precipiUle  is  healed  in  the  liquid,  it  loses  water 
and  is  tnnstormed  into  a  granalai  green  mass  ot  the  composition  CuiCO) — i.c.  into  a 
compnnnd  of  the  nocmal  salt  with  anhydroua  cupric  oxide.  This  salt  of  the  oxide  corre- 
sponds with  orthocarbonic  acid,  C(OH),=CH,0„  where  *H  is  replaced  by  aCn.  On 
tnrtber  boiling,  this  salt  loses  a  portion  of  the  carbonic  acid,  forming  bhwk  cupric  oxide, 
so  luutable  ia  the  compound  o(  copper  with  carbonic  anhydtiiia.  Another  basic  salt  whit  h 
occurs  iu  nature,  UCuCO.vCtilLiOi,  is  knowu  aa  aznrite.  ot  bine  carbonate  of  cvpper ;  it 
also  loses  eaibouiu  acid  when  boiled  with  water,     On  miiing  a  solution  ot  coprio  anlphate 
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The  commonest  normal  salt  is  blue  vitriol — i.e.  the  nomial  cnprie 
sulphate.     It  generally  contains  five  molecules  of  water  of  ciystallitt- 
tion,  CuS04,5H  jO.     It  forms  the  product  of  the  action  of  strong  sol- 
phuric  acid  on  copper,  sulphurous  anhydride  being  evolved.    The  sum 
salt  is  obtained  in  practice  by  carefully  roasting  sulpharetted  ores  of 
copper,  and  also  by  the  action  of  water  holding  oxygen  in  aolation  on 
them  :  CuS  +  04=CuS04.     This  salt  forms  a  bye-product,  obtained  at 
gold  refineries,  when  the  silver  is  precipitated  from  the  solpharic  add 
solution  by  means  of  copper.     It  is  also  obtained  by  pouring  dilute 
sulphuric  acid  over  sheet  copper  in  the  presence  of  air,  or  by  heating 
cupric  oxide  or  carbonate  in  sulphuric  acid.     The  crystals  of  this  salt 
l^long  to  the  triclinic  system,  have  a  specific  gravity  of  2*19,  are  of  a 
l)eautiful  blue  colour,  and  give  a  solution  of  the  same  colour.     100 
parts  of  water  at  0"*  dissolve  15.  at  20"  23,  and  at  100'  about  45  parts 
of  cupric  sulphate,  CUSO4.     At  100^  this  salt  loses  four  molecules  of 
water  of  crystallisation,  retaining  only  one  molecule,  which  it  onlj 
fvarts  with  at  a  high  temperature  (220'),  and  then  gives  a  white  powder 
of   the   anhydrous  sulphate  ;    and  the  latter,  on  further  calcinati(Hi, 
loses  the  elements  of  sulphuric  anhydride,  leaving  cupric  oxide,  like 
all   the  cupric  salts.      The  anhydrous  (colourless)  cupric  sulphate  ii 
s«imetimes  used  for  absorbing  water  ;  it  turns  blue  in  the  process.    It 
offers  the  advantage  that  it  retains  both  hydrochloric  acid  and  water, 
but   not  carlK>nic  anhydride.      Capric  sulphate  is  used  for  stee[»Dg 
seed    com  ;   this  is  said   to  prevent   the    growth  of   certain    para- 
sites on  the  plants.     In  practice,  a  considerable  quantity  of  cupiic 
sulphate  is  also  used  in  the  preparation   of  other  copper   salts— for 
instan^*e,  of   certain  pisrments — and  a  particularly   large  quantity  is 
used  in  fh-'  *j'y.Jv\nop}aMic  ;inv.YA«,  which  consists  in  the  deposition  ol 
copper  from  a  solution  of  cupric  sulphate  by  the  action  of  a  galvanic 
current,  when  the  metallic  copper  is  deposited  on  the  negative  pole 
iUid  takes  the  form  of  the  latter.     Tlie  description  of  the  processes  of 
galvanoplastic  art  introduced  by  Yakobi  in  St.  Petersburg  forms  a 
jvirt  of  applied  physics,  and  will  not  be  touched  on  here  ;  and  we 
will  onlv  mention  that,  althou^rh  first  introduced  for  small  articles,  it 
is  now  used  for  such  articles  as  type  moulds  {cUch/s)^  for  maps,  prints, 
jcc  aiul  also  for  large  statues,  and  for  the  deposition  of  iron,  zinc, 
nickel.  sroUi,  silver,  «J:c.,  on  other  metals  and  materials.     The  beginning 
«.t  the  application  of  the  galvanic  current  to  the  practical  extraction  of 
metals  tn»m  s*.^lutions  has  s\so  l^een  since  established,  especially  since 

v..:''.  -^vr.v!:i  -.■•i.:i;:oa,rb«?r.ji:v  c*''  rrvv-r::a:e  -.-i  jk:  r.rit  obCAineJ.  bat  *£ter  bcvQin^  «  pre- 
*.  r  :;*;•:■  i-  f  "T-.v.-e'i  havir.jT  ii'.^  v.vr.:p*.-.*.::.'n  ..-f  mAlA»:Litii.  I^br»T  aitificudlr  obcjuned 
d^urite  I  y  h^A*..::^  oapr.o  nitDhte  witii  chalk. 
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the  dynatiio- electric  machines  of  Gramme,  Siemens,  and  others  have 
rendered  it  possible  to  cheaply  converb  the  mechanical  movement  of 
the  steam  engine  into  an  electric  current.  One  must  think  that  thi- 
application  of  the  electric  current,  which  has  long  since  given  such 
important  results  in  chemistry,  will,  in  the  near  future,  play  an 
important  part  in  technical  proceasea,  the  example  being  shown  by 
electric  lighting." 

TVi*  alloys  of  copper  with  certain  metals,  and  especi&Hy  with  Kinc 
and  tin,  are  easily  formed  by  directly  meltirg  the  metals  together. 
They  are  easily  cast  intu  moiikli,  forged,  and  worked  like  copper, 
whilst  they  are  much  more  durable  in  the  air,  and  are  therefore  fre- 
quently used  in  the  arts.  Even  the  ancients  eiicluaively  used  alloys 
of  copper,  not  pure  copper  but  its  alloys  with  tin  or  different  kinds 
of  bronze  (Chupter  XVIIl.),  The  alloys  of  copperwith  zinc  are  called 
hraas  or '  yellow  metnl.'  Brass  contains  about  32  p.c.  of  zinc  ;  generally, 
however,  it  does  not  contain  more  than  65  p.c.  of  copper.  The  re- 
mainder is  conipose<l  of  lead  and  tin,  which  usually  occur,  although  in 
small  quantities,  in  brass.  Yellow  metal  contains  about  40  p.c.  of  zinc. 
The  aildition  of  ;inc  to  copper  changes  its  colour  to  a  considerable 
degree  ;  with  a  certain  amount  of  zinc  ibe  colour  of  the  copper  becomes 
yellow,  and  with  a  still  larger  proportion  of  nine  an  alloy  is-  formed 
which  has  a  greenish  tint.  In  those  alloys  of  zinc  and  copper  which 
contain  a  greater  amount  of  zinc  than  of  copper,  the  yellow  colour 
disappeai-s  and  is  replaced  by  a  greyish  colour.  But  when  the  amount 
of  zinc  is  diminished  to  about  15  p.c,  the  alloy  is  red  and  hard,  and  is 
called  '  tombac.'  A  contraction  takes  place  in  alloying  copppr  witli 
zinc,  so  that  the  volume  of  the  alloy  is  less  than  that  of  either  metdl 
individually.  The  zinc  volatilises  on  prolonged  heating  at  a  high  tem- 
perature, and  metallic  copper  remains  behind.  When  heated  in  the 
air,  the  zinc  oxidises  before  the  copper,  so  that  all  the  zinc  alloyed 
with  copper  may  be  removed  from  the  copper  by  tliis  means.  An 
important  property  of  brass  containing  about  30  p.c.  of  zinc  is  that  it 
ig  soft  and  malleable  in  the  cold,  but  becomes  somewhat  brittle  when 
heated.     We  may  also  mention  that  ordinary  copper  money  contains, 

"  Commerrml  bloB  vitriol  generslly  contsina  ferroas  BOlphiitc.  The  tuilt  Ib  )nirifl<>d 
by  converting  the  (erron*  ull  into  a  ferric  uJt  by  healing  Ibo  Bolntion  «ilh  cblorioe  or 
nitric  acid.  The  eolution  in  tlion  evuporited  to  drynesg,  ^nd  the  nnchftnged  cnprio 
folpbkte  eitcuted  (lOiD  the  reniiluc.  vliich  will  «iiit^a  the  Urgcr  portinn  of  the  terrin 
Qlide.  The  remainder  will  be  mpsmted  il  cuprio  hydroxide  is  added  to  the  Bolatiotl  and 
boi]«d;  Ihecnpric  oiide,  CdO,  Ihen  precipitateti  the  tenic  oiide.  Fe,0,,jiiAtaH  itigitaitf 
precipitated  by  ailver  oxide.  But  the  solution  will  contuin  a  mull  proportion  of  t, 
hftaJB  Hit  of  copper,  and  therefore  aulphnric  acid  tanet  be  added  to  the  filtered  aoliition, 
■od  the  aalt  then  vrystalliaed.  Acid  aaitaare  not  formed, aad  capric  nilphate  itaell  hM 
an  acid  reaction  on  litnma  paper.  | 

vol..  tl.  0  0  I 
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for  the  sake  of  rendering  it  hard,  tin,  zinc,  and  iron  (Cu  ss  59  p.c.) ; 
that  it  is  now  customary  to  add  a  small  amount  of  phosphoms  to 
copper  and  bronze,  for  the  same  purpose  ;  that  copper  is  added  toail\'er 
and  gold  in  coining,  4$:c.,  also  to  render  it  hard ;  that  in  OermiDj, 
Switzerland,  and  Belgium,  and  other  countries,  a  silver-white  alloj 
(melchior,  German  silver,  tbc),  for  base  coinage  and  other  purposes, 
is  prepared  from  brass  and  nickel  (from  10  to  20  p.c.  of  nickel ;  20 
to  30  p.c.  zinc  ;  50  to  70  p.c.  copper),  or  directly  from  copper  and 
nickel,  or,  more  rarely,  from  an  alloy  containing  silver,  nickel,  and 
copper.**^ 

Copper,  in  its  cuprous  compounds,  is  so  analogous  to  silver^  that 
were  there  no  cupric  compounds,  or  if  silver  gave  stable  compounds  of 
the  higher  oxide,  AgO,  the  resemblance  would  be  as  close  as  that 
}>etween  chlorine  and  bromine  or  zinc  and  cadmium ;  but  silver  com- 
]x>unds  corresponding  to  AgO  are  quite  unknown.  Although  silver 
peroxide — which  was  regarded  as  AgO,  but  which  Berthelot  (1880) 
recognised  as  the  trioxide  Ag^O, — is  known,  still  it  does  not  form 
any  true  salts,  and  consequently  cannot  be  placed  along  with  cupric 
oxide.  In  distinction  to  copper,  silver  as  a  metal  does  not  oxidise 
under  the  influence  of  heat ;  and  its  oxides,  Ag^O  and  Ag^O,,  easily 
l<we  oxygen.'^  Silver  does  iwt  oxidise  in  air  at  the  ordinary  pressure, 
and  is  therefore  classed  among  the  so-called  noble  tnetaU.  It  has  ft 
whiU;  colour,  which  is  much  purer  than  that  of  any  other  known  metal, 
eK|K>cially  when  it  is  chemically  pure.  In  practice  silver  is  used  alloyed, 
IxM-ause  chemically-pure  silver  is  so  soft  that  it  is  exceedingly  easily 
worn,  whilst,  when  fused  with  a  small  amount  of  copper,  it  becooMi 
very  hard,  without  losing  its  colour.*^ 

1"'  Ball  (aUo  KamenHky),  1888,  by  invcntigating  the  electrical  condtiotiTity  ol  the 
alloyB  of  nntimoiiy  and  copper  with  lead,  came  to  the  conclusion  that  there  onlj  ioA 
two  definite  conii>oundK  of  antimony  and  copper,  whilHt  the  other  alloys  are  either  ■Qosf* 
of  theKe  two  together  or  with  antimony  or  with  copper.  These  compounda  are  CoiSb 
and  Ci^Sb — one  corresponds  with  the  maximum,  and  the  other  with  the  minimnm,  #iie- 
triral  refiistance.  In  general,  the  resistance  offered  to  an  electrical  corrent  forms  one  o( 
the  niHthois  by  whi<-h  the  conii)osition  of  definite  alloys  (for  example,  Pb9Zn7)  is  oAen 
established,  whilst  the  electromotive  force  of  alloys  affords  (Laurie,  1888)  a  still  man 
accurate  method.  Tims  the  alloys  Zn-^Cu  and  ("ujSn  were  shown  to  be  sach  that  the 
electromotive  force  varied  distinctly  on  their  formation. 

1^  Cupric  oxide  is  also  able  to  dissociate  when  heated.  Debray  and  Joannis  shoved 
that  it  then  evolves  oxygen,  whose  maximum  tension  is  constant  at  a  given  temperature 
if  fusion  does  not  ensue  (cupric  oxide  dissolves  in  fused  cuprous  oxide),  and  this  loss  d 
oxygen  rehults  in  the  foimation  of  cuprous  oxide,  aJid  on  cooling  the  oxygen  is  all  re- 
absorbed and  cupric  oxide  again  formed. 

1'  There  are  not  many  soft  metals;  lead,  tin,  copper,  silver,  iron,  and  gold  are 
somewhat  soft,  and  potassium  and  sodium  very  soft.  The  metals  of  the  alkaline  earths 
are  already  sonorous  and  hard,  and  many  other  metals  are  even  brittle,  especially  Int- 
nmth  and  antimony.    But  the  very  slight  significance  which  these  properties  have  in 


pounds. 


U  uppli 


il  BUtwUnceB  (althong)!,  bonerer,  ol 

'  tmjtiilii)  is  Boeo  from  the  eiajiiple 

ordiunry  Mmp«raturo,  soft  nl  100^,  mid  britUe 


BTternal  appeiuitnc?,  it  is 

I   asM;  ot  the  Bilver.     In  Frsnue  [ho 
□  100  parts  by  weight ;  in  RuB»ia  tha 


Ab  Che  ralue  of  silver  dependB  eidoBively  an  it 
or  telling  till  amount  ot  impuritim  alloyed  with  i< 
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(t'Sn  yramii)  of  psre  eilver  in  one  pound  (110  graiuB)  ot  alloyed  ailret.  Russian  Bitvei  is 
ICraendly  si  aaaay — that  ia.  containB  S4  parts  by  iveight  ot  pure  Bilrer  and  13  parts  of 
eopp«t  and  other  metala,  French  money  coDtains  W  p.o.  (in  the  RuBsian  ayatem  tbii 
vill  b«  S6-4  Buayl  by  Height  of  >>i1vei  [English  coine  and  jeweUery  contain  U2S  p.c.  ol 
Bilver];  the  silver  ronble  i«  of  SSJ  aiaaj— that  ia,  it  containa  B6'8  p.o.  of  ailver— and  the 
umaller  RuBBtan  silver  coinage  is  of  48  aasay,  and  therefore  containa  GO  p.o.  ol  aiiver. 
Silrei  oniameotB  and  articles  are  usually  made  in  RoBsia  of  SI  and  73  assay  ailver.  As 
the  alloys  ot  silver  and  copper,  especially  after  being  anhjectcd  to  the  action  of  heat,  are 
not  so  white  dfi  pnre  silver,  they  generally  undergo  a  process  known  aa  '  blanching '  (or 
'pickling')  alter  being  worked  np.  Thia  consist!  in  removing  the  copper  from  the  socIbcb 
ol  the  article  by  subjecting  it  to  a  dark-red  heat  and  then  immersing  il  in  dilute  acid. 
During  the  calcination  the  copper  on  the  surface  lb  oxidised,  whilst  the  silver  remains  an- 
changed ;  the  dilnte  acid  then  dissolves  the  copper  oxides  formed,  and  pure  silver  is  left 
on  the  surface.  The  surface  is  dull  alter  this  treatment,  owing  to  the  r? moral  ot  a  portion 
ol  the  metal  by  the  acid.  After  being  polished  the  article  acquires  the  desired  lustre  and 
colour,  so  aa  to  be  indistinguishable  from  a  pure  silver  object.  In  order  to  test  a  flilver 
article,  a  portion  of  its  maas  mast  be  taken,  nut  from  the  sarlose,  but  to  a  certain  depth. 
The  methods  of  assay  used  in  practice  are  very  varied.  The  commonest  and  most  often 
used  is  that  known  as  cupi'lialion.  U  is  based  oa  the  difference  in  the  oiidisabilitj-  ot 
copper,le»d,  and  silver.    The  cupel  is  a  porous  tup  with  thick  aides,  made  by  compressing 
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rbi  the  fused  oxides,  espocislly  the  hjad  oxide; 
-b  the  nnoxidised  metal.  The  latter  collecta 
leatin  the  cupel,  and  on  coolingsolidifles  into 
■eml  cupels  are  placed  in  a  muffle.  A  muffle 
ipuiying  drawing.     The  sides  of  the 
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is  onidised,  but  as  the  oxide  ol  copper^ 
infaaibiD,  or,  more  strictl;  speaking,  difflcultty  lusible,  a  certain  quantity  of  lead  is  added 
to  the  alloy;  the  lead  isalso  oxidised  by  the  uir  at  the  high  temperature  ol  the  muffle 
and  gives  (he  very  Fusible  Lead  oxide.    The  copper  «xide  then  fuses  with  the  lead  oxide 
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greater  quantity  of  silver  occars  in  combination  with  sulphur,  nmf 
especially  in  the  form  of  silver  sulphide,  Ag.^S,  with  lend  sulpbJde  or 
copper  sulphide,  or  the  ores  of  various  other  metals.  The  Ui^t 
amount  of  silver  is  extracted  from  the  lead  in  which  it  occura.  If  tliii 
lead  l>e  calcined  io  the  presence  of  air,  it  oxidises,  and  the  resuluuit 
lead  oxide,  FbO(' litharge 'or  '8ilberglatte,'ns  it  is  called),  melts  iatii* 
mobile  liquid,  which  is  easily  removed.  The  silver  remains  in  u 
unoxidiaed  metallic  state.'*     This  process  is  called  ciijieUalion. 

and  i«  abaorbeil  by  the  cupel,  wliilat  the  silver  ratuaioa  as  a.  bright  white  globnle.  If  ti( 
to  calculats  the  compositioii  ol  llie  illoy.     Hence  the  esaaueu  ol  cnpelUtion  couiim  ia 


tbe  aepuatlon  of  the  oiidiMble  metals  Iron)  aiWer,  which  dnet  not  oiidiM  nndN  I)** 
■uitian  of  heat.    A  more  afcnute  method,  bused  on  the  precipitiLtion  uf  ailrerfroio  iti 
tJoiw  in  the  foim  at  silvsi  ohloride,  is  doacribed  in  detail  in  worka  npoD  aiuljrlial 
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low  obtained,  tliey  wo* 
whiliit  at  i  p.c.  ita  extraction  i>  nijfnil-' 
able.  Horeoveri  the  extraction  of  Bilrei  Irani  oiaa  cnntaining  net  moFe  tbttn  n'Ol  f.e.  ' 
thiB  metal  in  sometimea  profitable.  The  majoHty  of  the  lead  smelted  from  ptleua  n 
taius  silver,  which  is  extracted  from  it.  Thus  neai  Amui.  in  France,  they  wnrk  ui  am 
which  conttuuH  about  65  parts  of  lead  and  O'DBH  ports  of  silver  in  100  porta  of  ore,  wkieb 
131!  ports  of  silver  in  100000  porta  uf  lead.  At  Freiburg,  in  fioionv,  lh<4 
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Commercial  silver  generally  contains  oopper,  and,  more  rarely,  also 
other  metallic  impurities.  Cfaemically  jmre  stiver  is  obtained  either  by 
cupellation  or  by  subjecting  ordinary  silver  to  the  foUowing  treatment. 
Tlie  silver  is  firat  dissolved  in  nitric  acid,  which  converts  it  and  the 

work  an  ore  (enricliod  by  meobftnioftl  dreming)  con  Uining  about  O'fl  of  ailver,  IBO  of  lead, 
Had  3  d[  copjier  in  lOUOU  puts.  In  every  cue  the  lead  in  Brat  extracted  in 
described  in  Chapter  XVIII.,  and  thii  lead  will  hold  all  the  silver.  Not  anfreqaentJ; 
other  orei  of  silver  are  mixed  with  lead  ores,  in  order  to  obtain  an  argentitemnB  lead  aa 
the  product.  Tlie  eitraction  ot  amall  quantities  of  aUver  Irom  lead  is  t»cilit«teil  by  the 
lact  (PatliDBou'll  process)  that  Che  molten  argenbiferoua  lead  io  cooling  Aral  depoaili 
crystals  o(  pure  lead,  whii:h  lall  to  the  botMm  oF  the  cooling  vetiiel,  whilst  the  proportion 
ot  lilver  in  the  anBDlidiHed  masa  increases  according  to  the  removal  ot  the  crystal! 
of  lead.     Tlie  lead  is  euriclicd  in  this  maimer  up  to  a  contents  of  i^q  part  al  utver,  and 

The  ores  ol  aitvoc  which  contain  a  larger  amoujit  ot  it  are :  silver  glance,  Ag^S  (sp. 
gt.  T'3) ;  argentiferoas- copper  glance,  CnAgS;  boru  silver  uc  chloride  of  silver,  AgC I ; 
■TgeulifBroDB  grey  copper  ore;  jiolybBsite,  M^RSc  (where  M  =  Ag,  Cu,  and  R=>ab,  As), 
and  argentileroUB  gold.  The  Utter  is  the  aeual  fanu  bi  which  gold  is  fnund  in  alluvial 
deposils  and  ores.  Tbe  crystals  of  gold  from  the  BereiuSsky  mines  in  the  Urals  oontiun 
BO  to  U6  of  gold  aud  B  to  U  of  silver,  and  the  Altai  gold  contains  GO  to  SS  of  gold  and  86  to 
SH  of  silver.  Tbe  proportion  of  silver  in  native  gold  varies  between  these  limits  in  other 
localities,  Silver  ores,  which  generally  occur  in  veins,  nsually  contain  native  ailver  and 
various  sulphur  compoands.  Tbe  moat  lamoas  minea  in  Europe  are  in  Saiony  (Freiberg), 
which  baa  a  yearly  output  of  up  to  36  tous  of  silver,  Hoogary,  and  Bohemia  {41  tons).  Ln 
Russia,  silver  is  extracted  in  the  Altai  and  at  Nerchinsk  (IT  tons).  The  richest  silver 
mines  known  are  in  America,  ejipecislly  in  Chili  (up  to  TO  toni),  Meiico  (90U  tona),  and 
nioce  particnlarly  in  the  weatem  states  of  North  America.  The  richneaa  of  thaae  minea 
may  be  judged  from  the  fact  that  ooo  mine  in  tbe  State  of  Nevada  (Comatock,  near 
Waahoe  and  the  cities  of  Oold  Hill  and  Virginia),  vhich  was  discovered  in  IHEU,  gave  an 
output  of  400  tons  iu  18SB.  The  modes  of  extracting  silver  from  lead  aud  aQ;eatifeiooa 
ores  are  mainly  of  two  kinds — cupellation  and  cblarinatioo.  The  Srst  method  is  applied 
to  tbe  eitraction  of  silver  from  argentiferous  lead.  The  mode  td  capcllatian  on  a  large 
ecale  does  not  differ  from  the  aasay  onafiniaIlBcale(Note  IS) ;  it  ia  baaed  on  the  property 
of  silver  of  not  oxidisiog  in  air  wben  heated,  whilst  tbe  lead  and  other  metali  j)reBenb 
are  oiidisad  and  give  fusible  oiides,  which  are  easily  removed  from  the  silver,  lu 
genural,  the  abject  in  the  eitractiou  of  silver  is  Io  convert  it  into  au  alloy  witb  lead, 
wliicb  ia  easily  freed  from  the  silver  by  cupellation.  The  method  of  cblorination  conaisti 
in  converting  the  silver  in  an  ore  into  ailver  chloritle.  This  ia  either  done  by  a  wet  or  a 
Ary  method.  When  the  silver  chloride  ia  formed,  the  extraction  of  tbe  metot  is  alaodone 
by  two  methods.  The  first  consists  in  tbe  silver  chloride  being  redoced  to  metal  by 
means  of  iion,  and,  morcory  being  added  to  the  mass,  the  mercury  diaaolves  the  silver, 
liut  does  not  Bot  on  the  other  metDls,  The  mercury  holding  the  ailver  in  solutionis 
distilled,  when  tho  silver  remains  behind.  This  method  is  called  amalgamation.  Tlie 
other  method  iiless  used,  and  conaisla  indiasolviug  the  silver  chloride  in  sodium  chloride 
or  in  sodium  thioaulphate,  and  then  precipitating  the  silver  from  the  aolutiou — hy  meana 
of  iron,  for  example.  In  America  the  chlorination  is  carried  on  aimultaueoualy  with  the 
amalgamation,  but  we  shall  not  describe  thia  metliod,  all  the  more  as  another  process  is 
usually  employed  in  Europe,  in  which  the  two  proceaaea  are  carried  on  separately ;  the 
chlorinalion  being  dotui  by  roaating  the  ore  contoJuing  sUver  with  eommon  salt.  The 
salt  in  volatilising  aula  OQ  tbe  compounds  of  silver,  and  converts  them  into  silver  chloride. 
The  amalgamation  is  then  carried  on  in  rotating  barrels  containing  the  roasted  ore  mixed 
with  water,  iron,  anil  mercury.  The  iron  reduces  thesilverchlorideby  taking  op  the  chlo- 
The  technical  details  ot  these  processea  are  described  in  works  ou  metallurgy. 
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copper  into  nitrates,  Cu(JfOj)j  and  AgNOj  ;  hydrochloric  acid  ii  thfn 
added  to  the  resultant  green  (owing  to  the  presence  of  the  cupric  salt) 
solution,  which  is  considerably  diluted  with  water  in  order  to  retein 
the  lead  chloride  in  solution  if  the  silver  contained  lead.  The  coppn 
and  many  other  metals  remain  in  solution,  whilst  the  silver  ia  precipi- 
tated as  silver  chloride.  The  precipitate  is  allowed  to  settle,  and  tlw 
liquid  ia  decanted  off ;  the  precipitate  is  then  washed  and  fuseit  wilh 
sodium  carljonate.  A  double  decomposition  then  takes  place,  sodium 
chloride  and  silver  carbonate  being  formed  ;  but  the  latter  decomposet 
into  metallic  silver,  because  the  silver  oxide  is  decomposed  by  beat : 
AgjCOa  =  Agj  +  O  +  COj.  The  silver  chloride  may  also  be  miiri 
with  metallic  zinc,  sulphuric  acid,  and  water,  and  left  for  a  csruin 
time,  when  the  zinc  removes  the  chlorine  from  the  silver  chloride  and 
precipitates  the  silver  as  a  powder.  This  finely-divided  all»er  ii 
called  '  molecular  silver.'  '■'' 

Chemically -pure  silver  has  an  exceeding  pure  white  colour,  and  • 
specific  gravity  of  10'5.  In  fusing  it  contracts,  and  therefore  a  pie» 
of  silver  floats  on  the  molten  metal.  The  fusing-point  of  silver  is  about 
950°  C,  and  at  the  high  temperature  attained  by  the  combustion  n( 
detonating  gas  it  volatilises.  By  employing  silver  reduced  from  nlw 
chloride  by  milk  sugar  and  caustic  potash,  and  distilling  it,  Sou 
obtained  silver  purer  than  that  obtained  by  other  means  ;  in  tut, 
this  was  perfectly  pure  silver.  The  vapour  of  silver  has  a  very 
beautiful  green  colour,  which  is  seen  when  a  silver  wire  is  placed  in  an 
oxyhydrogen  flame. '^ 

As  regards  the  capacity  of  silver  for  chemical  reactloos,  it  i» 
remarkable,  in  this  respect,  for  its  small  capacity  for  combinaiiou  with 

"  There  is  another  practioftl  method  whicb  is  alno  miitabls  lor  aepnnting  tiietint 
fioin  the  Bolutiona  obtained  in  photogropby,  and  eoDBiste  in  predpiCaling  the  nlnt  ij 
malic  acid.  !□  this  ciae  the  utnoittit  of  nQrer  in  the  solution  mnaC  be  kuowB,  ud  SS 
graniB  of  oxalic  acid  disBolved  in  (00  gnsna  at  water  mnst  be  added  lor  evsTf  80  gif* 
□tsjlrer  in  nolotion  la  a  litre  of  wntCT,  A  preoipitato  of  BtWer  oxalate,  Ag^^,,  u  Am 
obtained,  irhieh  ie  ineolable  in  irater  bnt  lolnble  in  acids.  Therefore,  il  iha  Ui|uid  MsMn 
nuf  free  acid  it  mnit  be  prevloDEity  freed  from  it  b;  the  addition  of  BodiDln  catbau''' 
The  rBBultant  precipitate  of  silver  oialate  is  dried,  mixed  with  an  equal  weiglil  elit! 
Bodiiun  carbonate,  and  thrown  Into  a  gently-heated  crucible.  Tlie  separatjen  of  >^ 
silver  then  proceeds  without  an  eiploaion,  while  the  silver  oialate  if  heated  alone  decMi- 
pOBSB  with  explosion. 

According  t«  Stas,  the  beet  method  of  obtaining  silver  from  its  solutlnriB  i«  by  H" 
Tednction  of  silver  chloride  dissolved  in  ammonia  b^  means  of  an  ammoniaenl  salnliani' 
CDprons  thiosnlphate ;  the  silver  1b  then  precipitated  in  a  cryBtalllne  form.  A  solnUon  '^ 
ammonium  solphlte  may  be  nsed  iustead  ol  the  cnprena  salt. 

"  In  melting,  silver  absorba  a  conBiderable  amount  ol  oxygen,  which  is  ^leenga^o* 
Boliditying.  One  volume  of  molten  silver  absorbs  up  to  33  volumes  of  oxygen.  1° 
■olidifying,  the  silver  forms  eavlties  like  the  crater  of  a  volcano,  and  throws  oR  niel<^ 
owing  to  the  evolution  of  the  gas;  all  Iheso  phenomena  recall  a  celi-aiio  an  a  niialitot* 


oxygen  and  for  its  conatderable  energy  fpr  combination  with  sulphur, 
imline,  and  certain  kindred  noa-metals.  Silver  does  not  oxidUe"  at 
any  temperature,  and  its  oxide,  AgjO,  is  decomposed  by  heat. 

It  is  also  a  very  important  fact  tbat  silver  is  not  oxidised  by  oxygen 
either  in  the  presence  of  alkalis,  even  at  exceedingly  high  teniperaturcB, 
or  in  the  presence  of  acids— at  least,  of  dilute  acids — which  renders  it 
ii  very  important  metal  in  chemical  practice  for  the  preservation  and 
fusion  of  alkalis,  and  also  fur  many  purposes  in  everyday  life.  Ozone, 
however,  oxidises  it. 

0/  all  iKidn  nitric  acid  evinces  the  greatest  action  on  silver.  The 
reaction  is  accompanied  by  the  formation  of  oxides  of  nitrogen  and 
silver  nitrate,  AgNOj,  which  dissolves  in  water  and  does  not,  there- 
fore, hinder  the  further  action  of  the  acid  on  the  metal.  The  halogen 
acids,  especially  hydriodic  acid,  act  on  silver,  hydrogen  being  evolve<l ; 
but  this  action  soon  stops,  owing  to  the  halogen  compounds  of  silver 
being  insoluble  in  water  and  vei^  slightly  soluble  in  acids ;  they 
therefore  preserve  the  remaining  mass  of  metal  from  the  further 
action  of  the  acid  ;  in  conseijuence  of  this  tlie  action  n(  the  halogen 
acids  is  only  distinctly  seen  with  linely- divided  silver.  Sulphuric  acid 
acts  on  eiher  in  the  same  manner  th;it  it  does  on  copper,  only  it 
must  be  concentratetl  and  at  a  higher  temperature.  Sulphurous  anhy- 
dride, and  not  hydrogen,  is  then  evolved,  but  there  is  no  action  at  thr 
onlinai'y  temperature,  even  in  the  presence  of  air.  Among  the  various 
salts,  sodium  chloride  (in  the  presence  of  moisture,  air,  and  carbonic 

H-alt!  (Dumntil,  Rilv«r  whii^h  i^nUins  n  smM  qaautity  of  coppor  or  gnld,  £o.,  dotw  mil 
hIioii  this  pToi>«rty  i>[  diBBnlcing  oiyijuii, 

BUa  ghowed  tint  HilieT  in  oiidit^d  by  air  in  the  pretence  iif  ni/iila,  V.  A.  Ptordtvn 
confirmed  tliia,  and  sliowed  Uiat  an  acidifled  eolation  of  potuuium  [irtniHiigniiiite  rapidly 
diuolTeH  silver  in  the  prenence  of  nir. 

Silver  ii  very  mAll»ble  and  dnclile ;  it  may  b?  beaten  into  IcDvei  0*003  mm.  jn  thick- 
neu.  SiWer  wire  maj  be  made  no  fine  Ibat  1  giam  ia  drawn  into  a  wire  S^  kilometreH 
long.  In  this  reapert  lilvor  is  only  second  to  gold.  A  wire  ol  a  mm.  diameter  btaak* 
under  a  ctnuD  ol  90  kilograina, 

"  The  aln»ri>tion  of  oiygen  by  molten  BilToi  ia,  however,  an  oticlation,  bnt  it  ia  at 
the  wuue  time  a  iitienomenon  of  iijlution.  Twoiity-two  cubic  centimetre*  of  oxygen  are 
capable  of  being  diasolved  in  one  eubie  centimetre  of  molteii  litver,  and  eien  if  it  be  cal- 
CDlated  as  huTinga  temperatare  of  0°,  it  only  weighs  O'US  grams,  whilst  1  oubic  centimetre 
cf  silier  weighs  at  leant  10  gram*,  and  therefore  it  i*  impoasihle  to  anppose  thai  tbo 
abeoiption  of  the  oxygen  is  attended  with  ttie  fonnation  of  any  definite  compound  (rich 
in  oxygen)  o(  silver  and  niygeii  [sUiot  4S  atoma  of  ailver  to  1  of  oiygen)  In  any  other  but 
a  disaociated  form,  and  this  ia  t\w  elate  iu  which  snhitancea  in  solution  must  be  regarded 
(ChaplM  I.). 

Le  Chntelier  showed  that  at  BOD"  and  Ifl  atmmpheres  pressure  silver  absorbs  so  much 
oiygen  that  it  may  b«  regarded  aa  liaving  tormed  the  conijwand  Ag,0,  or  a  miituie  of 
Agj  and  AgjP,  And  silver  oiide,  AgjO,  only  detnmpoaes  at  800°  oiider  low  presearps, 
whilst  at  pnssnres  above  ID  atmospheres  there  is  no  decomposition  at  800°  bat  only 

"■^  
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acid)  and  potassiam  cyanide  (in  the  presence  of  air)  act  on  silver  more 
clearly  than  any  others,  converting  it  into  silver  chloride  and  a  double 
<ryanide  respectively. 

Although  silver  does  not  directly  combine  with  oxygen,  still  three 
different  grades  of  combination  with  oxygen  may  be  obtained  in- 
directly from  the  salts  of  silver.  They  are  all,  however,  unstable,  and 
decompose  into  oxygen  and  metallic  silver  when  ignited.  These  three 
oxides  of  silver  have  the  following  composition :  silver  suboxide, 
Ag^O,'^  corresponding  with  (the  little  investigated)  suboxides  of  the 
alkali  metals  ;  silver  oxide^  AgjO,  corresponding  with  the  oxides  of  the 
alkali  metals,  and  the  ordinary  salts  of  silver,  AgX  ;  and  silver  peroxide^ 
AgO,*^  or,  judging  from  Berthelot*s  researches,  Ag203.  Silver  oxide 
is  obtained  as  a  brown  precipitate  (which  when  dried  does  not  contaia 
Avater)  by  adding  potassium  hydroxide  to  a  solution  of  a  silver  salt— 
for  example,  of  silver  nitrate.  The  precipitate  formed  seems,  however, 
to  be  an  hydroxide,  AgHO.  The  reaction  of  the  alkali  on  the 
solution  of  the  salt  may  be  supposed  to  be  AgNOj  +  ElHOs 
KN03  +  AgH0,  and  the  formation  of  the  anhydrous  oxide,  2AgH0— 
Ag^O  +  H^O,  may  l)e  compared  with  the  formation  of  the  anhydroos 
cupric  oxide  by  the   action   of   potassium  hydroxide   on   hot  cupric 

^^  Silver  8ul>oxide  (AgiO)  or  argentous  oxi<le  is  obtained  from  argentic  citmieby 
hfMiting  it  to  100^  in  a  stream  of  hydrogen.   Water  and  argentous  citrate  are  then  formed, 
HMd  the  latter,  although  but  slightly  solnble  in  water,  gives  a  reddish-brown  8olatio&> 
When  lx)iled,  this  solution  becomes  colourless  and  deposits  metallic  silver,  the  argentic 
salt  Wing  again  fonned.     Wiihler,  who  discovered  this  oxide,  obtained  it  as  a  black  prt- 
ripitate  by  adding  potassium  hydroxide  to  the  above  solution  of  argentous  citrate.  With 
liydr<x:hloric  acid  the  sul>oxide  gives  a  brown  compound,  Ag^Cl.     The  same  compoandii 
(ihtaiiied  by  the  action  of  light  on  the  higher  chloride.     Other  acids  do  not  combine  with 
silver  suboxide,  but  convert  it  into  an  argentic  salt  and  metallic  silver.     This  is  also  the 
cliaracter  of  other  suboxides.     In  this  respect  cuprous  oxide  presents  a  certain  reseiD- 
Mance  with  these  Huboxides.     But  copper  forms  a  suboxide  of  the  composition  Ci^O, 
Avhich  is  obtained  by  the  action  of  an  alkaline  solution  of  stannous  oxide  on  cuprio 
hydroxide,    and    is  df'composed  by   acids  into  cupric   salts  and  metallic  copper.    The 
[)roblenis  offered  by  the  suboxides,  as  well  as  by  the  peroxides,  cannot  be  considered  tf 
fully  explaintd. 

'^  Silver  peroxiffr,  AgO  or  Ag.^O-,  is  obtained  by  the  decomposition  of  a  dilate  (10p.c.) 
solution  of  silver  nitrate  by  the  action  of  a  galvanic  current.  On  the  |>ositive  pole,  where 
oxygen  is  usually  evolved  in  the  decomposition  of  salts,  brittle  grey  needles,  with  a 
metallic  lustre  and  which  sometimes  attain  a  rather  considerable  size,  are  tlien  formed. 
They  are  insoluble  in  water,  and  decompose  with  the  evolution  of  oxygen  when  they  are 
dried  and  heated,  especially  up  to  150^,  and,  like  lead  dioxide,  barium  peroxide,  &e^  their 
ncrtion  is  strongly  oxidising.  When  treated  with  acids,  oxygen  is  evolved  and  a  salt 
fonned.  Hence,  for  instance,  silver  peroxide  absorbs  sulphurous  anhydride  and  forms 
silver  sulphate.  Hydrochloric  acid  evolves  chlorine  ;  ammonia  reduces  the  silver,  and 
is  itself  oxidised,  forming  water  and  gaseous  nitrogen.  Analyses  of  the  above-mentioned 
crystals  show  that  they  contain  silver  nitrate,  peroxide,  and  water.  According  to 
P'isher,  they  have  the  composition  4AgO,AgN03,H.^O,  and,  according  to  Berthelot, 
4Ag205,2AgN03,H,0. 
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solutions.  This  shows  that  the  silver  hydroxide  decomposes  into  water 
anil  silver  oxide,  even  at  low  t«mperatures ;  at  least  the  hydroxide 
no  longer  exists  at  60%  but  forms  the  anhydrous  oxide.  Silver  oxide 
is  almost  insoluble  in  water  :  but,  nevertheless,  it  is  undoubtedly  u 
rather  powerful  basic  oxide,  because  it  displaces  the  oxides  oE  many 
uietala  froni  their  soluble  suits,  and  satuTates  such  acids  as  nitric  acid, 
forming  with  them  neutral  snlts,  which  do  not  act  on  litmus  paper. 
Undoubtedly,  wat«r  dissolves  a  small  quantity  of  silver  oxide, 
which  explains  the  possibility  of  its  aetion  on  solutiona  of  salts — for 
example,  on  solutions  of  cupric  salts.  Water  in  which  silver  oxide  ia 
shaken  up  has  a  distinctly  alkaline  reaction.  The  oxide  is  dis- 
tinguished by  its  great  instability  when  heated,  so  that  it  losea  all  its 
oxygen  when  slightly  heated.  Hydrogen  reduces  it  at  about  80".^"  The 
feebleness  of  the  affinity  of  silver  for  oxygen  is  shown  by  the  fact  that 
silver  oxide  decomposes  under  the  action  of  light,  so  that  it  must  be 
kept  in  opaque  vessels.  The  silver  ealu  are  colourless  anil  decompose 
when  heated,  leaving  metallic  silver  if  the  elements  of  the  acid  are 
volatile.  They  have  a  peculiar  metallic  taste,  and  are  exceedingly 
poisonous ;  the  majority  of  them  are  acted  on  by  light,  especially  in 
the  presence  of  organic  substances,  which  are  then  oxidised.  The 
alkaline  carbonates  give  a  white  precipitate  of  silver  carbonate, 
AgjCOj,  which  is  insoluble  in  water,  but  soluble  in  ammonia  and 
ammonium  carbonate.  Aqueous  ammonia,  added  to  a  solution  of  a 
normal  silver  salt,  £rst  acts  like  potassium  hydroxide,  but  the  precipitate 
dissolves  in  an  excess  of  the  reagent,  like  the  precipitate  of  cupric 
hydroxide."  Silver  oxalate  and  the  halogen  compounds  of  silver  are 
insoluble  in  water,  and  hydrochloric  acid  and  soluble  chlorides  give, 

*  Aeoording  to  Miillor,  ferric  Qiide  in  rwinced  by  hydrogen  (aae  Chap,  XXH.  Note  G) 
»t  MO'dnlowliat?),  cupriooiident  HO",  N"L,Oj  at  lfiO°;  nickelounoiide.NiO.  ia  reduced 
io  tlie  BDboiido,  NigO,  at  1S6°,  and  to  nickel  at  970'' ;  line  oiida  reqaires  go  high  a  tem- 
|>enitaru  lor  itn  redaction  that  Uie  t;laiii  tnbe  in  which  MQIlor  condncted  the  eiperimenl 
did  not  aland  Ibe  heut ;  Bntimonf  oiide  teqairoe  a  tempenitnie  of  Uin^  for  its  rednc- 
ticin;  yidlow  mercuric  oxide  IB  reduced  at  1S0°  and  the  red  oxide  It  aSU';  silTer  oiide  at 
SS°,  and  platinum  oxide  even  at  the  ordintLry  temperature. 

"  It  a  solution  of  a  silver  ult  ia  precipitated  by  siidium  hydroide,  and  aqueoui 
ammonia  is  added  drop  by  drop  until  the  precipitate  in  completely  disaolved,  then  the 
liquid  wlien  evaporated  depoHita  a  violet  masa  of  cryst«]tine  gilrer  oxide.  II  maiat  ulver 
oxide  be  left  in  a  atrong  volution  ol  ammonia  it  givea  a  black  tnaaa,  which  eaaily  decom- 

'  poses  with  a  loud  eiploaion,  eapeciallj  when  struck,  Thie  bUok  anbttauoe  ii  called 
lulminBting  ajlver.  Probably  thii  is  a  compound  like  the  other  canipounds  ol  oiidei 
with  ammania,  and  in  expkiding  the  oxygen  of  the  ailver  oxide  probably  Formt  water  with 
Um  hydrogen  of  the  ammonia,  which  in  naturally  accompanied  by  the  evolution  of  heat 
and  formation  o(  gaieoua  nitrogen.  Fulminating  eilvei  i«  also  formed  whi-n  potaBoimn 
hydroxide  ia  added  to  a  wilntion  of  silver  nitrate  ill  ammonia.  The  dangerous  eiploaioua 
which  are  produced  by  thia  compound  render  it  needful  that  great  core  be  taken  when 

'    lalti  ol  ailveic  come  iuM  contact  with  ammonia  and  alkalis. 
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as  lias  been  already  repeatedly  obser\-ed,  a  white  precipitate  of  silver 
chloride  in  solutions  of  silver  salts.  Potassium  iodide  gives  a  yellowish 
precipitate  of  silver  iodide.  Zinc  separates  all  the  silver  in  a  metallic 
form  from  solutions  of  silver  salts.  Many  other  metals  and  redudng 
agents- — for  example,  organic  subatances — also  reduce  silver  from  tli« 
solutions  of  its  saJts. 

Sitimr  nitrate,  AgNOj,  is  known  by  the  name  of  lunar  caustic 
(or  lapis  infej'nalis)  ;  it  is  obtained  by  dissolving  metallic  bIvm 
in  nitric  acid.  If  the  silver  be  impure,  the  resultant  solution  will 
contain  a  mixture  of  the  nitrates  of  copper  and  silver.  If  this  mixture 
be  evaporat-ed  to  dryness  and  the  residue  be  carefully  fused  at  rd 
incipient  red  heat,  then  all  the  cupric  nitrate  is  decomposed,  whilst 
the  greater  part  of  the  silver  nitrate  remains  unchanged.  On  treWinj! 
the  fused  mass  with  water  the  latter  is  dissolved,  whilst  the  cupric 
oxide  remains  insohible.  If  a  certain  amount  of  silver  oxide  he  sdded 
to  the  solution  containing  the  nitrates  of  silver  and  copper,  itdispUces 
all  the  ctipric  oxide.  In  this  ca^e  it  is  naturally  not  necessary  to  take 
pure  silver  oxide,  but  only  to  pour  off  some  of  the  solution  and  to  M 
potassium  hydroxide  to  one  portion,  and  to  mix  the  resultant  pr«- 
cipitate  of  the  liydroxides,  Cu(OH)j  and  AgOH,  with  the  remaining 
portion.**     By  these  methods  all  the  copper  can  be  easily  removed  »b1 

"  So  that  we  here  encaunter  tlie  EoUowiRg  phsaomena  :  ooppet  dinplacet  ailm  (nu 
tlie  lolntioDg  of  its  bbJIb,  and  sUvec  oxHe  dispUces  Copper  oxide  from  coprie  kB*- 
Guided  hj  the  conceptions  Bnoncinted  in  Cbnp.XV.,  wbcbji  acconnt  (or  this  in  Uu  follo*- 
ingmsnner.  The  atomic  volume  of  «iIsBr  =  10'fl,  and  of  copper=7'a,  of  silver  oodB-fi 
niid  o(  copper  oxide-  IB.  A  grenter  contractiDn  hua  Uken  place  in  the  tonuBtioll  ol  oifrit 
oiUe,  CuO,  than  in  the  (onnation  of  silver  oiide,  Ag,0,  becaOBB  m  the  former  (18-T"ffl 
the  Tolonie  after  combinition  with  the  oxygea  ban  inoreneed  bj  rer;  little,  wh(l(t  tW 
roluiue  of  eilrer  oiide  is  cansiderably  greater  than  that  □!  tbo  metal  it  coatWl 
[8a-(3>ilO'S)'^ll'4].  Hence  gilver  oiide  is  legs  compact  than  caprlo  nilde,  ul 
1  the  other  hand,  there  are   greater  inlemh 
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End  data  of  their  reaationa.  Unfortunately  it  la  ImpoBsIble  tocalcnlate  tor  capric  nltnM 
because  ttiie  salt  has  not  yet  been  obtained  In  an  auhydrous  state ;  but  the  snliib*UH  ft 
both  oiidea  are  known.  The  specific  gravitf  of  copper  sulphate  in  an  anhydrotuflaWil, 
3'sn,  and  of  silver  sulphate  E'SII ;  the  molecular  volnme  of  the  former  is  (B,  and  of  tbi' 
latter  lis.  We  will  now  compare  tbeie  volumes  with  those  of  the  oxides.  The  grallf, 
BO,  in  thecopperDcCQpiV8,asit  were,  a  volume  19— IH^S^. and  intheBJIversaltarDltURt 
GS— Sa^Sfl;  hence  a  Btnaller  contraction  has  taken  place  In  the  formation  of  the  CCtV* 
salt  from  the  oxide  than  in  the  formation  of  the  ailver  salt,  and  nmseqncmtlf  the  U 
■hoold  be  more  ■table  than  tlie  former.  Therefore  the  ailver  oxide  is  able  to  deeouipMI 
the  salt  of  copper  oiide,  whilst  with  reapect  to  the  metals  both  salts  hare  been  tonMl 
with  on  almost  identical  contraction,  becaase  S8  rolumee  of  the  silver  Mlt  contain  I 
volnmea  of  metal  (difference's 871,  and  tS  volainea  of  the  copper  salt  contain  T  volomMI 
copper  (dilIerence  =  SS],  Besides  which,  it  intist  be  obserred  that  copper  oxide  diqdaMi 
iron  oxide,  just  as  silver  oxide  displaces  copper  oxide.  Biiver,  copper,  end  iron,  in  theKiM 
of  oxides,  displace  each  olbei  inthHubovuord(.<r,  but  in  the  form  of  metalBlnaTaveneotdtF 
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silver  nitrate  obtained,  wliich  may  be  ultimately  purified  by  cryatnl- 
lisatioii.  It  crystalliaeB  in  colourless,  transparent  prisniatic  plates,  which 
are  not  acted  on  by  air.  They  are  anhydrous.  It«  sp.  gr.  is  4-34  ;  it 
dissolves  in  an  equal  weight  of  water  at  theordinary  temperature,  and  in 
half  its  weight  of  boiling  water.  The  pure  salt  is  not  acted  on  by  light, 
but  it  easily  acta  in  an  oxidising  manner  on  the  majority  of  organic 
substances,  which  it  generally  blacbena.  This  is  due  to  the  fact  that 
the  organic  substance  is  oxidised  by  the  silver  nitrate,  which  is  reduced 
to  metallic  silver ;  this  is  then  obtained  in  a  finely-divided  state,  which 
cnuses  the  black  stain.  This  is  taken  advantage  of  for  marking  linen. 
Silver  nitrate  is  for  the  same  reason  used  for  cautnrisin//  wounds  and 
various  growths  on  the  body.  It  then  acts  in  virtue  of  ita  oxidising 
capacity  in  destroying  the  organic  matter,  which  it  oxidises,  as  is  seen 
from  the  separation  of  a  coating  of  black  metallic  powdery  silver  fi'om 
the  part  cauterised.  It  may  be  remarked  that  the  black  stain  pro- 
duced by  the  reduction  of  metallic  silver  disappears  under  the  action  of 
a  solution  of  mercuric  chloride  or  of  potassiuni  cyanide,  because  these 
salts  act  on  finely-divided  silver.  From  the  description  of  the  pre- 
paration of  silver  nitrate  it  will  have  been  seen  tliat  this  salt  fuses 
without  decomposition  at  an  incipient  red  heat,  and  when  cast  into 
sticks  it  is  usually  employed  fur  cauterising.  On  further  heating,  the 
fused  salt  undergoes  decomposition,  first  forming  silver  nitrite  and 
then  metallic  silver.  With  ammonia,  silver  nitrate  forms,  on  evapo- 
ration of  the  solution,  colourless  crystals  containing  AgNO^SNlI^. 
In  general  the  salts  of  silver,  like  cuprous,  cupric,  rinc,  4c.,  salts,  are 
able  to  give  several  compounds  with  ammonia  ;  for  example,  silier 
nitrate  in  a  dry  state  absorbs  three  molecules.  The  ammonia  is 
generally  easily  expelled  from  these  eompountls  by  the  action  of  heat. 

Silver  nitrate  under  the  action  of  water  and  a  halogen  gives  nitric 
acid,  a  halogen  salt  of  silver,  and  a  silver  salt  of  an  oxygen  acid  of 
the  halogen.  Thus,  for  example,  a  solution  of  chlorine  in  water,  when 
mixed  with  a  solution  of  silver  nitrate,  gives  silver  chloride  and 
chlorate.  It  is  here  evident  that  the  reaction  of  the  silver  nitrate  is 
identical  with  the  reaction  of  the  caustic  alkalis,  as  the  nitric  acid  is  all 
set  free  and  the  silver  oxide  only  reacts  in  exactly  the  sh 
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as  aqaeouB  potash  acts  on  free  dilorine.  Theiclbre  the  reaction  may 
lie  expressed  in  the  following  manner  :  6AgNOj+3Clf +3HjO= 
5  AgCl  +  AgClO,  +  6XHO,. 

Silver  nitrate,  like  the  nitrates  of  the  alkalis,  does  not  contain  any 
water  of  crystallisation.  Moreover,  the  other  salts  of  sOver  afanoit 
always  separate  out  without  any  water  of  crystallisation.  The  silver 
lialts  are  farther  characterised  by  the  fact  that  they  ^ve  nMer 
In  sic  nor  acid  BaUs^  owing  to  which  the  formation  of  silver  salts 
generally  forms  the  means  of  determining  the  troe  composition  of 
acids. 

Silver  gives  insoluble  and  exceedingly  stable  compounds  vcitk  Ik 
hnlofj^iis.     They  are  obtained   by   double  decomposition  with    great 
facility  whenever  a  silver  salt  comes  into  contact  with  halogen  salts. 
Solutions  of  nitrate,  sulphate,  and  all  other  kindred  salts  of  silver  give 
a  precipitate  of  silver  chloride  or  iodide  in  solutions  of  chlorides  and 
iodides  and  of  the  halogen  acids,  because  the  halogen  salts  nf  silver  are 
insoluble  both  in  water  ^  and  in  other  acids.     Silver  chloride^  AgCl,  is 
then  obtained  as  a  white  flocculent  precipitate,  silver  bromide  forms  a 
yellowish   precipitate,  and  silver  iodide  has  a   very  distinct  yellow 
colour.     These  halogen  compounds  sometimes  occur  in  nature ;  they 
are  formed  by  a  dry  method — by  the  action  of  halogen  compounds  on 
silver  compounds,  especially  under  the  influence  of  heat.     Silver  chlo- 
ride easily  fuses  at  451°  on  cooling  from  a  molten  state  :  it  forms  of 
a  rather  soft  horn-like  mass,  which  can  be  cat  with  a  knife,  and  is 
therefore  known  as  horii  silver.     It  volatilises  at  a  higher  tempera- 
ture.    Its  ammoniacal  solution,  on  the  evaporation  of  the  ammonia, 
deposits  crystalline   chloride  of   silver,    in  octahedra.     Bromide  and 
iodide  of  silver  also  appear  in  forms  of  the  regular  system,  so  that  in 

^^  Silver  chloride  is  almost  perfectly  insoluble  in  water,  but  is  somewhat  solaUle  in 
wut<fr  containing  sodium  chloride  or  hydrochloric  acid,  or  other  chlorides,  and  many  Mhi> 
ill  srjlution.  Thus  at  100"  100  parts  of  water  saturated  with  sodium  chloride  diaiolTC 
0*4  ])arts  of  silver  chloride.  Bromide  and  iodide  of  silver  are  less  soluble  in  this  lespeci, 
UK  also  in  regard  to  other  solvents.  It  should  be  remarked  that  silver  chloride  dietolvei 
in  solutions  of  ammonia^  potassium  cyanide^  and  of  sodium  thiosulphate^  NasSfOj. 
Silver  bromide  is  almost  perfectly  analogous  to  the  chloride,  but  silver  iodide  is  nearly 
insoluble  in  a  solution  of  ammonia.  Silver  chloride  even  absorbs  dry  ammonia  gas, 
forming  very  unstable  ammoniacal  compounds.  When  heated  these  compounds  (Tol.  L 
\).  *247,  Note  H)  evolve  the  ammonia,  as  they  also  do  under  the  action  of  all  acids.  Silver 
(liloride  enters  into  double  decomposition  with  potassium  cyanide,  forming  a  soluble 
ilouhle  cyanide,  which  we  shall  presently  describe ;  it  also  forms  a  double  soluble  salt« 
NaAgSjOj,  with  sodium  thiosulphate. 

Silver  chloride  offers  different  modifications  in  the  structure  of  its  molecule,  as  is 
sf;<-n  in  the  variations  in  the  consistency  of  the  precipitate,  and  in  the  differences  in  the 
action  of  light.  Stas  and  Carey  Lea  investigated  this  subject,  which  has  a  particnlAr 
imiK>rtance  in  photography,  because  silver  bromide  also  gixes  photo^cUts, 
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this  respect  tlie  halogen  salts  of  silver  resemble  tlie  halogen  salts  of  the 
alkali  metals.** 

"  Silver  bromide  uid  iodide  reBemble  the  ohlotide  in  miinj  reap«ctB,  bat  the  degree 
ntrnffinttyol  eilTer  for  iodine  ia  greater  than  thiit  for  chlorine  and  bromine,  Deville 
deaared  thje  fact  [rom  a  number  n{  experimenlo.  Tbos  liltu  chloride,  when  treated 
witlihydriodieaeid,  evolve*  hydrochloric  acid,  ana  forms  silver  iodide.  Finely- divided 
■liver  easily  liberaiea  hydrogen  when  treated  with  hydriodio  acid ;  it  produces  the  ume 
deeompasition  with  hydrrx-hloric  acid,  but  in  a  conBiderably  Wb  degree  and  only  on  the 
nnrtace.  Tlie  diSerence  between  silver  chloride  and  iodide  is  especially  remarknble, 
hecBoae  the  (ormalion  of  the  former  is  nltended  with  a  grejiLBr  conlntction  than  thut  of 
the  latter.  The  volume  o(  AgCl  =  9B  ;  of  ebloHne  27,  of  silver  10,  the  »nm  -  B7,  hence  a 
coutractioD  has  ensued ;  and  in  the  formation  of  eilver  iodide  an  eipanBion  takes  plu'e, 
becaace  the  volimie  of  Ag  is  10.  of  I  30,  and  of  Agl  M  (density,  AgCl,  G'SD ;  Agl.  E'BTl, 
inatead  of  88.  The  atoma  of  chlorine  have  united  with  tlie  atoms  of  silver  withont 
moving  asunder,  whilst  the  atoms  of  iodine  mu^t  liave  moved  apart  in  combining  with 
the  silver.  The  nuittpr  presents  itself  differently  with  respect  to  the  metal;  thedistanca 
between  its  atoms  in  the  metal  •>  911,  in  silver  chloride  o  30,  and  in  silver  iodide  >^S'5: 
hence  its  ntomshnve  moved  asunder  considerably  in  both  cases.  It  is  also  very  remark- 
able that  Fiteau  observed  that  the  density  of  silver  iodide  increnses  with  a  rise  of  tem- 
peratnre— that  is,  a  contraction  takes  place  when  it  is  heated  njid  on  expansion  when  it 
is  cooled. 

In  order  to  explain  the  fact  that  in  silver  compoQnds  the  iodide  is  more  stable  tbm 
the  chloride  and  oxide,  Professor  N.  N.  Belietoff,  in  his  '  Researches  on  the  Phenomena 
of  SabstitntianB'  (Eharkolf,  1805).  proposed  the  following  original  hypothesis,  whidi  we 
wOl  five  in  almost  the  words  of  the  autlior :— In  the  cue  of  alnmininm,  the  oiide,  Al,0„ 
is  more  stable  than  the  chloride,  AljClg.  and  the  iodide,  AL,In.  In  the  oiide  the  amount 
of  the  metal  is  to  the  amount  of  the  eiement  combined  with  it  as  Sl-8  (Al-aT-4)  is  to  4S, 
or  in  Che  ratio  119  :  11)0 ;  for  the  chloride  the  ratio  is  ^SG  :  100;  for  theiodideil-T  :  IM. 
In  the  case  of  silver  the  oxide  (ratio  -1S50  :  100)  is  less  stable  than  the  ohloride  (ratio 
-  8D4  :  100),  and  the  iodide  Iratio  of  the  weight  of  metal  to  the  weight  of  the  halogen 
=aE:  100)  is  the  most  stable.  Prom  these  and  similar  eiamplesil  ie  seen  that  the  most 
stable  componQds  are  those  in  which  the  weights  of  the  oomhined  substances  are  equal. 
This  may  he  partly  explained  by  the  attraction  of  like  molecnlee  even  aft«r  their  having 
pused  into  combination  witli  others.  This  attraction  is  pioportional  to  the  product  of 
the  acting  mBBses.  In  silver  oxide  the  attraction  of  Ag.,  lor  Agj=fllfl>[ain  =  «6aBS.  and 
the  attraction  ol  Ag,  for  0'<ll(t' 10^8158.  The  attraction  of  like  molerules  thus 
coanteractB  the  attraction  of  the  unlike  molecnlea.  The  former  naturally  doea  not  over- 
come the  latter,  otherwise  there  would  he  a  diBrofition,bul  it  nevertheless  diminishe*  the 
stability.  In  the  case  of  an  equality  or  proximity  of  the  magnitude  of  the  combining 
maaMs,  the  attraction  of  the  like  parts  wj'll  counteract  the  slahility  of  the  compound  to 
the  least  extent — in  other  words,  with  an  inequality  in  the  combined  m»s»ea,  the  mole- 
cules have  an  inclination  la  return  into  an  elementary  state,  to  decompose,  which  does 
not  exist  to  such  an  extent  where  the  combined  masses  are  equal.  There  is.  therefore,  a 
tendency  for  large  masses  to  combine  with  large,  and  for  small  masses  to  combine  with 
small.  HeaceAg|0  +  3KI  gives  KgO  +  SAgl.  In  double  decomnosilion  or  substitution. ' 
the  weight  of  atoms  has  the  preponderating  iiifluBnce.  because  thsy  are  not  awompanied 
by  B  great  change  of  volnmen,  and  if  there  is  a  ctiauge  it  is  a  contraction,  whioh  ia  very 
freqoently  seen  in  the  formation  of  tusolnble  componnds  (Cremers).  the  possibility  of 
whose  formation  determines  many  soch  reactions,  as  Bertbullet  demonstrated.  The 
inflaence  of  an  equality  of  masses  on  the  stability  is  seen  particularly  clearly  in  the  effect 
of  ft  rise  of  temperatnre.  Argentic,  mercoric.  or  auric  oxides,  and  snch  tike  oxides,  com- 
posed of  unequal  masses,  are  decomposed  by  bent,  whilst  the  oxides  of  the  light  metals 
Hike  water)  are  not  so  easily  decomposed  by  beat.  Silver  chloride  n.nd  iodide  approach 
(he  condiUon  o(  equality,  and  are  not  decompoed  by  beat.    The  most  otable  oiidea 
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Silver  chloride  may  be  decomposed,  with  the  separation  of  sil^^ 
oxide,  bj  heating  it  with  a  solution  of  an  alkali,  and  if  an  organic 

und«r  the  action  of  beat  are  those  of  mBgnenom,  calciom,  sOicoo,  and  alomiiiiam,  wiii^ 
approach  the  condition  of  equality.    For  this  reason  also  hydiiodic  add  deoompoteswith 
greater  facility  than  hydrochloric  acid.    Chlorine  does  not  act  on  magnesia  ox  •Inmhi^ 
but  it  acts  on  lime  and  sOver  oxide,  &c.    This  is  partially  explained  by  the  £sct  thsi  by 
taking  heat  as  morement,  and  knowing  that  the  atomic  heats  of  the  tree  elements  an 
equaU  it  mnst  be  supposed  that  the  amoont  of  the  movement  of  atoms  (their  vis  vha)  u 
equal,  and  as  it  is  equal  to  the  product  of  the  mass  (atomic  weight)  into  the  square  of  the 
velocity,  it  follows  that  the  greater  the  combining  weight  the  smaltor  will  be  the  telodtjr 
(more  correctly,  its  square),  and  if  the  combining  weights  be  nearly  equal,  then  tbt. 
velocities  will  also  be  nearly  equal.    Therefore,  the  greater  the  difference  between  tiM' 
weights  of  the  combined  atoms  the  greater  will  the  difference  between  their  velodtiet  be 
The  difference  between  the  velocities  will  increase  with  the  temperature,  and  thenfan 
the  temperature  of  decomposition  will  be  the  sooner  attained  the  greater  be  the  origiml       J 
difference — that  is,  the  greater  the  difference  of  the  weights  of  the  combined  substsneai.      j 
The  nearer  these  weights  are  to  each  other,  the  more  analogous  the  movement  ol  tke      .\ 
unlike  atoms,  and,  consequently,  the  more  stable  the  resultant  compound.  ' 

The  instability  of  eupric  chloride  or  nitric  oxide,  the  absence  of  compounds  of  finoriM  * 
with  oxygen,  whilst  there  are  compounds  of  oxygen  with  chlorine,  the  greater  stability  of 
the  oxygen  compounds  of  iodine  than  of  chlorine,  the  stability  of  boron  nitride,  and  the 
instability  of  cyanogen,  and  a  number  of  like  instances,  where,  judging  from  the  sbofe 
argument,  one  would  expect  (owing  to  the  nearness  of  the  atomic  weights)  a  stabilityt 
show  that  Beketoff*8  addition  to  the  mechanical  theory  of  chemical  phenomena  is  ititt 
far  from  sufficient  for  explaining  the  true  relations  of  aflinities.  Nevertheless,  in  hif 
mode  of  explaining  the  relative  stabilities  of  compounds  we  find  an  exceedingly  interat- 
ing  treatment  of  questions  of  primary  importance.  Without  such  efforts  it  would  be 
impossible  to  generalise  the  complex  data  of  experimental  knowledge. 

Silver  eyanidSf  AgCN,   is  closely  analogous  to  the  haloid  salts  of  silver.    It  ii 

obtained,  in  similar  manner  to  silver  chloride,  by  the  addition  of  potassium  cyanide  to 

silver  nitrate.    A  white  precipitate  is  then  formed,  which  is  almost  insoluble  in  boUiag 

water.    It  is  alao,  like  silver  chloride,  insoluble  in  dilute  acids.    However,  it  is  dissolved 

when  heated  with  nitric  acid,  and  both  hydriodic  and  hydrochloric  acids  act  on  it,  cco- 

verting  it  into  silver  chloride  and  iodide.    But  alkalis  do  not  act  on  silver  cyanide, 

although  they  act  on  the  other  haloid  salts  of  silver.    Ammonia  and  solutions  erf  the 

cyanides  of  the  alkali  metals  dissolve  silver  cyanide,  as  they  do  the  chloride.    In  tke 

latter  case  double  cyanides  are  formed— for  example,  EAgC^N^    This  salt  is  obtained  in 

a  crvBtalline  state  on  evaporating  a  solution  of  silver  cyanide  in  potassium  cyanide.    It 

is  much  more  stable  than  silver  cyanide  itself.    It  has  a  neutral  reaction,  does  not 

change  in  the  air,  and  does  not  smell  of  hydrocyanic  acid.    Many  acids,  in  acting  on  s 

solution  of  this  double  salt,  precipitate  the  insoluble  silver  cyanide.    Metallic  silver  die> 

solves  in  a  solution  of  potassium  cyanide   in  the  presence  of  air,  with  formation  <rf 

the  same  double  salt  and  potassium  hydroxide,  and  when  silver  chloride  dissolves  in 

potassium  cyanide  it  forms  potassium  chloride,  besides  the  salt  EAgC^N?.    This  double 

salt  of  silver  is  used  in  silver  plating.    For  this  purpose  potassium  cyanide  is  added  to 

its  solution,  as  otherwise  silver  cyanide,  and  not  metallic  silver,  is  deposited  by  the 

electric  ctirreni.  If  two  electrodes — one  positive  (silver)  and  the  other  negative  (copper)— 

be  immersed  in  such  a  solution,  then  silver  will  be  deposited  upon  the  latter,  and  the 

silver  of  the  positive  electrode  will  be  dissolved  by  the  liqnid,  which  will  thus  preserve 

the  game  amount  of  metal  in  solution  as  it  originally  contained.    If  instead  of  the 

negative  electrode  a  copper  object  be  taken,  well  cleaned  from  all  dirt,  then  the  silver 

will  be  deposited  in  an  even  coating ;  this,  indeed,  forms  the  mode  of  silver  plating  by 

the  wet  method^  which  is  most  often  used  in  practice.    A  solution  of  one  part  of  silver 

nitrate  in  80  to  50  parts  of  water,  and  mixed  with  a  sufficient  quantity  of  a  solution  of 
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Hubstftnce  be  added  t-o  the  alkali  the  chbrirle  can  be  easily  reduced  to 
metallic  silver,  the  silver  oxide  l>eing  reduced  in  the  oxidation  of  the 
organic  substance.  Iron,  zinc,  and  many  other  metals  reduce  silver 
chloride  in  the  presence  of  water.  Cuprous  and  mercurous  chlorides 
and  many  organic  substances  are  also  able  to  reduce  the  silver  from 
chloride  of  silver.  This  shows  the  rather  easy  decomposability  of  the 
halogen  compounds  of  silver.  Silver  iodide  is  much  more  stable  in  this 
respect  than  the  chloride.  The  same  is  also  observed  with  respect  to 
the  aetion  of  Ughl.  The  colourless  silver  chloride  soon  acquires  a 
violet  colour  when  exposed  to  the  action  of  light,  and  especially  under 
the  direct  action  of  the  sun's  rays.  Silver  chloride  after  being  acted 
upon  by  light  is  no  longer  entirely  soluble  iu  ammonia,  but  leaves 
metallic  silver  undissolved,  from  which  it  might  be  thought  that  the 
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mercury  and  applying  the  mnalgiun  ta  the  surface  of  the  objeotB,  and  then  Taporieing 
the  merenry,  offers  the  great  diwdTantoge  of  the  poiHonaun  msrcary  fomet.  Besides 
theM,  there  is  another  method  nf  silver  plating,  baaed  on  the  direct  diapiaeemeDt  of 
ulvn  flam  its  salts  by  other  metals — for  eiampte,  by  rvpper.  The  copper  rednoea  the 
silver  from  its  compounds,  and  the  stiver  neparaled  is  deposited  upon  the  copper.  Thai 
a  solution  of  silver  chloride  in  xodiiim  tbioaulphaCe  depoaits  a  coating  of  silver  Dpon  n 
strip  of  copper  immerBed  in  it.  It  is  best  for  thia  purpose  to  take  pore  lilvrr  tulphite. 
It  is  prepared  by  mixing  a  solution  of  silver  nitTate  with  an  e«es9  of  ammonia,  and 
adding  b  saturated  solution  of  sodium  sulphite  and  then  alcohol,  which  precipitates 
sQver  salpbile  tram  the  solution.  The  latter  snd  its  solutions  are  rerjr  easily  decomposed 
by  copper.  Metallic  iron  produces  the  eame  decomposition,  and  iron  and  steel  articles 
may  be  very  readiiy  silver,  plated  by  means  of  the  thiosnlphate  solution  of  silver  chlorids. 
Indeed,  copper  and  simihir  metals  msy  even  be  silver-plated  by  means  of  silver  chloride  ; 
if  the  chloride  of  silver,  with  a  small  aniootit  of  onid,  be  tubbed  upon  the  surface  of  (he 
copper,  it  becomes  covered  with  a  coHtiog  of  silver,  which  it  has  redoced. 

Silver  plating  is  not  only  applicable  to  metallic  objects,  but  also  to  filaes,  china,  io. 
GUse  is  silvered  for  various  purpoaes— for  example,  glass  globes  silvered  internally  are 
used  for  ornamentation,  and  have  a  sirrored  surface.  Couunon  looking.glaas  silvered 
upon  one  side  forms  a  mirror  which  is  better  than  the  ordinary  mercnry  mirrors,  owing 
to  the  truer  colours  of  its  iioige  due  to  the  whiteness  of  the  silver.  For  optical  in- 
stmments— for  example,  telescopes— concave  mirrors  are  now  made  of  ailvered  glass, 
which  has  first  been  moulded  andpolislied  into  the  required  form.  Tite  tilvering  of  glau 
is  based  on  the  fact  that  silver  which  is  reduced  from  certain  sol  ntions  deposits  itself  uni- 
formly in  a  perteotly  homogeneous  and  continuoas,  bat  very  thin,  layer,  forming  a  bright 
reflecting  sartoce.  Certain  organic  substances  have  this  property  of  reducing  silver  in  this 
form.  The  best  known  among  these  are  certain  aldehydes— for  instance,  common  aoetalde- 
hyde,  CiH^O,  which  easily  oxidises  in  the  air  and  forms  acetic  acid,  C,H,0,.  This  oxidatioa 
alio  easily  proceeds  at  (be  expense  of  silver  oxide,  when  a  certain  amount  of  ammonia  is 
added  to  the  mixture.  The  oxide  of  silver  gives  np  its  oxygen  to  the  aldehyde,  and  the 
silver  reduced  from  it  is  deponited  iti  a  luelallic  state  iu  a  uniform  bright  coating.  The 
same  action  is  produced  by  certain  saccharine  sabstances  and  certain  organic  acids,  soch 
a*  (aitaric  add,  Su. 
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action  of  liytit  consisted  in  the  decomposition  of  the  silver  cliloridi' 
into  chlorine  and  metallic  silver.  Indeed,  the  silver  chloride  becoms 
in  time  darker  and  darker.  Silver  bromide  and  iodide  are  much  more 
slowly  acted  on  by  light,  and,  according  to  certain  oltservations,  when 
pure  they  are  even  quite  unacted  on  ;  at  least  they  do  no)  change  in 
weight,  80  that  if  they  are  acted  on  by  light,  the  change  they  nnderg* 
must  be  one  of  a  change  in  the  structure  of  their  pnrta  and  not  of 
decomposition,  as  it  is  in  silver  chloride.  The  silver  chloride  under  the 
action  of  light  changes  in  weight,  which  indicates  the  formation  of  a 
volatile  product,  and  the  formation  of  metallic  silver  on  dissolving  in 
ammonia  shows  the  evolution  of  chlorine.  The  latter  does  actually 
take  place  under  the  action  of  light,  but  the  decomposition  does  not  go 
as  tar  as  into  chlorine  and  silver,  but  only  to  the  formation  of  a  »pb- 
chloride  of  silver,  which  ia  of  a  brown  colour  and  is  easily  decomposwl 
into  metallic  silver  and  silver  chloride,  Ag,Cl=AgCH-Ag,  Thii 
change  of  the  chemical  composition  and  structure  of  the  hnlogen  sitlu 
of  silver  under  the  action  of  light  forms  the  basis  of  pliologrnphy, 
because  the  halogen  compounds  of  silver,  after  ha^-ing  been  exposed  Uj 
light,  give  a  precipitate  of  finely-divided  silver,  of  a  black  colour, 
when  treated  with  reducing  agents.*" 

The  insolubility  of  the  halogen  compounds  of  silver  forms  th« 
basis  of  many  methods  used  in  chemical  practice.  Thus  by  means  of 
this  reaction  it  is  possible  to  obtain  salts  of  other  acids  from  a  hnlogen 
salt  of  a  given  metal.  The  formation  of  the  halogen  compnunda  of 
silver  is  used  very  frequently  in  the  investigation  of  organic  substaocet; 
for  example,  if  any  product  of  metalepsla  containing  iodine  ot 
chlorine  be  heated  with  a  silver  salt  or  silver  oxide,  then  the  silver 
combines  with  the  halogen  and  gives  a  halogen  salt,  whilst  tht 
elements  previously  combined  with  the  silver  replace  the  halogen. 
For  instance,  ethylene  dibromide,  CjHiBr,,  is  transformed  into 
ethylene  diacetate,  C3H4(CjH30j)2,  and  silver  bromide  by  heating;  it 
with  silver  acetate,  2AgOjCjH,,,  The  insolubility  of  the  halo^ 
compounds  of  silver  is  still  more  frequently  taken  advantage  of  in. 
determining  the  amount  of  silver  and  halogen  in  a.  given  solution.  U 
it  is  required,  for  instance,  to  determine  the  quantity  of  chlorine  present 
in  the  form  of  a  metallic  chloride  in  a  given  solution,  then  a  solotittf 


»  In  photography  these  ire  rtilvi  '  develDpere.'  The  iiioBt  common  developen 
solutions  of  (erroue  BulphtttB,  pyrogillol,  farrons  oiBlale,  liydroiylmnine,  quiiiol  (JM  u 
is  p»rtienlttrly  good  and  its  use  very  oDnvenienl),  potuBiam  uulphil*,  fte.  Th*  du 
prooBSBBBOtphotographj  are  of  great  practical  and  theoretic*!  interest ;  bnt  il  *mU  Ui 
itnpaesible  in  this  work  lo  enter  into  this  special  branch  ol  chemistrr,  which  ham  ai 
been  very  Utile  worked  out  from  a  theoretical  point  of  view. 
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oE  eilver  nitrate  is  added  to  it  so  long  as  it  given  a  precipitate.  On 
aliaking  or  stirring  the  liquid,  the  silver  chloride  easily  settles  in  the 
(onn  o£  he«vy  flakes.  It  is  pvtssible  to  thua  precipitate  the  whole 
of  the  chlorine  from  a,  siilution,  ^vithuut  adding  nn  excess  of  silver 
nitrate,  hecause  it  can  be  clearly  observed  whether  the  addition  of  a 
fresh  quaaticy  of  silver  nitrate  produces  a  precipitate  in  the  etear 
liqui<l.  In  this  manner  It  iH  possible  to  add  to  a  solution  containing 
clilorine,  as  much  silver  as  is  required  for  its  entire  precipitation,  and 
to  calculate  tho  amount  of  chlorine  previously  in  solution  from  the 
amount  of  the  solution  of  silver  nitrate  consumed,  if  the  quantity  of 
silver  nitrate  in  this  solution  has  been  previously  determined.  The 
atomic  proportions  and  preliminary  expeiiraents  with  a  pure  salt — for 
example,  with  sodium  fhloride — will  give  the  amount  of  chlorine  from 
the  quantity  of  silver  nitrate.  The  details  of  these  methods  must  lie 
looked  for  in  works  on  analytical  chemistry. 

Accurate  experiments,  and  more  especially  the  researclteg  of  Prof, 
Stat  of  Brussels,  sliow  the  relation  which  exists  between  silver  and 
metallic  chlorides  fully  reacting  together.  These  researches  have  led 
to  the  determination  of  the  combining  v^'tiglUa  of  silver,  sodium,  potas- 
sium, chlorine,  bromine,  iodine,  and  other  elements,  and  are  distin- 
guished for  their  model  exactitude,  and  we  will  therefore  describe  tlieni 
in  some  detail.  As  sodium  chloride  is  the  chloride  most  generally  used 
for  the  precipitation  of  silver,  all  the  more  as  it  can  be  easily  obtained 
in  a  pure  state,  we  will  here  cite  the  quantitative  observations  made 
by  Stas  for  showing  the  co-relation  between  the  quantities  of  chloride 
of  sodium  and  silver  which  react  together.  He  first  obtained  perfectly 
pure  sodium  chloride.  For  this  purpose  he  took  pure  rock  sail,  con- 
taining only  a  small  quantity  of  magnesium  and  calcium  compounds 
and  a  small  amount  of  potassium  salts.  This  salt  was  dissolved  in 
water,  and  the  saturated  solution  evaporated  by  boiling.  The  sodium 
chloride  separated  out  during  the  boiling,  and  the  mother  liquor 
containing  the  impurities  was  poured  oS*.  Alcohol  of  65  p.c.  strength 
and  plalinic  chloride  were  added  to  tlie  resultant  salt,  in  order  to 
precipitate  all  the  potassium  and  a  certain  part  of  the  sodium  siilts, 
Tho  resultant'  alcoholic  solution,  containing  the  sodium  and  platinum 
chlorides,  was  then  mixed  with  a  solution  of  pure  ammonium  chloride 
in  order  to  remove  the  platinic  chloride.  After  this  precipitation,  tho 
solution  was  evaporated  in  a  platinum  retort,  and  then  separate  portions 
of  this  purified  sodium  chloride  were  collected  as  they  crystallised. 
TIk-  same  salt  was  prepared  from  sodium  sulphate,  tartrate,  nitrate, 
aiii  I  from  the  platinochloride,  in  order  to  have  sodium  chloride  prepared 
by  ilifierent  methods  and  from  different  sources,  and  all  the  samples  of 
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sodiutn  chloride  thus  prepared  were  purified  and  investigated  in  ibeir 
relation  to  silver.  After  being  dried,  weighed  qunntities  of  all  (en 
aaraples  of  sodium  chloride  were  dissolved  in  water  and  iuL\ed  with  i 
Bolution  in  Hitric  acid  of  a  weighed  quantity  of  perfectly  pure  silver. 
A  slightly  greater  quantity  of  silver  was  taken  than  would  l>e  requireJ 
for  the  decompoaition  of  the  sodium  chloride,  and  when,  after  poar- 
ing  in  all  the  silver  solution,  the  silver  chloride  had  settled,  llw 
amount  of  silver  remaining  in  escess  was  determined  by  means  of » 
solution  of  sodium  chloride  of  known  strength.  This  solutiou  of 
sodium  chloride  was  added  so  long  as  it  formed  a  precipitate.  In  thi* 
manner  was  determined  how  many  parts  of  sodium  chloride  corrp- 
Bpond  witli  100  parts  by  weight  of  silver.  The  result  of  ten  determiiiS' 
tions  was  that  for  the  entire  precipitation  of  100  parts  of  silver  (run) 
54'3060  to  54-2093  parts  of  sodium  chloride  were  required.  ThB 
diRerence  is  so  inconsiderable  that  it  has  no  perceptible  influence  on 
the  subsequent  result  of  calculation.  The  mean  of  ten  exjieriment}  wu 
that  100  parts  of  silver  react  with  54'20TS  parts  of  sodium  chloride 
In  order  to  learn  from  this  the  relation  between  the  chlorine  kA 
silver,  it  was  necessary  to  determine  the  quantity  of  chlorine  held  in 
54'^078  parts  of  sodium  chloride,  or,  what  is  just  the  same,  the  quanUtj 
of  chlorine  which  conibinea  with  100  parts  of  silver.  For  this  purptM 
Btas  miule  a  series  oC  observations  on  tlie  quantity  of  silver  chloriiii 
obla.ined  from  100  parts  of  silver.  Four  syntheses  were  mode  hyhim 
for  this  purpose.  The  first  synthesis  consisted  in  the  formnUon  d 
silver  chloride  by  the  action  of  chlorine  on  silver  at  a  red  liedt.  Tliii 
experiment  showed  that  100  parts  of  silver  give  132-841,  133'S43  ani 
]3'2-64!l  of  silver  chloride.  The  seconil  niethotl  consisted  in  difisolrinf 
a  given  quantity  of  silver  in  nitric  acid  and  preci  pita  ting  it  by  tD' 
of  gaseous  hydrochloric  acid  passed  over  the  surface  of  the  liquid  ; 
resultant  mass  was  evaporated  in  the  dark  to  drive  off  the  nitric 
and  excess  of  hydrochloric  acid,  and  the  remaining  silver  chloride  wM 
fused  first  in  an  atmosphere  of  hydrochloric  acid  gas  and  theu  in  Mr. 
In  this  process  the  silver  chloride  was  not  washed,  and  therefore  thert 
could  he  no  loss  from  solution.  Two  experiments  made  by  this  method 
showed  that  100  parts  of  silver  give  132-849  and  138-848  jjarta  dl 
silver  chloride.  A  third  series  of  determinations  was  also  made 
solutions,  by  precipitating  a  solution  of  silver  nitrate  with  a  cnrtaiB 
ejicess  of  gaseous  hydi-ochloric  acid.  The  amount  of  silver  ohioriilt 
obtained  was  altogether  132-S48.  Lastly,  a  fourth  determination 
made  by  precipitating  dissolved  silver  with  a  solution  of  ammoniuin. 
chloride,  when  it  was  found  that  a  considerable  amount  of  silver 
(0'31T5)  had    passed  into  solution   in   the   washing;    for  100    pitrtii 
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of  silver  there  wag  olifftined  iLltogother  132-8417  of  silver  chloride. 
Thus  from  the  nieaa  of  seven  det^iini  nation b  it  appenrs  titut  100 
parts  of  silver  give  132-8445  parts  of  silver  chloriiie— that  is,  that 
32'-S44-ii  parts  of  chlorine  are  able  to  combine  with  100  parts  of 
silver  and  with  that  quantity  of  sodium  which  is  coataiued  in 
54*2078  parts  of  sodium  chloride.  These  observations  show  that 
32-8445  parts  of  chlorine  combin'*  with  100  parts  of  silver  and 
with  2]'3H33  parts  of  sodium.  From  the=e  figures  expressing  the 
relation  between  the  comljining  weights  of  chlorine,  silver,  and  sodium, 
it  would  be  possible  to  deterniin'i  their  atomic  weights — that  is, 
the  combining  quantity  of  these  e'.emeuts  with  respect  to  one  pni-t 
by  weight  of  hydrogen  or  16  parts  of  iisygen,  if  there  existed  a  series 
of  similarly  accurate  determinations  for  the  reactions  between  hydrogen 
or  oxygen  and  one  of  these  ele  iienta — chlorine,  sodium,  or  silver.  If 
we  determine  the  quantity  of  silver  chloride  which  is  obtain  ^d  from 
silver  chlorate,  AgCIOj,  we  shall  know  the  relation  between  the  com- 
bining weights  of  silver  chloride  and  oxygen,  so  that,  taking  the 
quantity  of  oxygen  as  a  constant  magnitude,  we  can  learn  fi-om  this 
reaction  the  combining  weight  of  silver  chloride,  and  from  the  prece- 
ding miMilwra  the  combining  weights  of  chlorine  and  silver.  For  this 
purpose  it  was  first  necessary  to  obtain  pure  silver  chlorate.  This 
was  done  by  Stns  by  acting  on  silver  oxide  or  carbonate  of  silver 
Euspendcd  in  water,  with  gaseous  chlorine.^'' 

The  decomposition  of  the  silver  chlorate  thus  obtained  was  accom- 
plished by  means  of  the  action  of  a  solution  of  sulphurous  anhydride  on 
it.  Thesaltwasfirst  fused  by  carefully  liealing  it  at  243°,  The  solution 

**  This  IB  how  lie  cleiarilHU  tlia  phc.noinifiinii  wliii^h  Uieti  tnkfls  place :  if  aijYei  oxide 
or  urhnnnte  he  augpended  in  wntpr.  »nd  im  kicphb  o(  wnter  sfltumled  with  chloriDe  bo 
■dded,  theoitll  the  silcer  Is  converted  into  chloridn,  jiiat  u  ia  th«  cue  vitb  oxide  or  cu- 
boDKle  of  merrary,  and  the  ttaler  then  conlaina,  beudaii  the  eioMi  of  chlorine,  only  puis 
hypachlDrDiK  anid  withoni  tlie  Iwut  tmce  of  uliloric  or  chloroa*  Mid.  It  ■  ■tnnm  ot 
chloriiu  b«  pft«>ed  into  witter  onntitlDing  aii  mcitm  af  liher  ariilr  or  sdvar  CBrbminte, 
while  the  lii|aid  is  tnntina*!!;  ohakcin,  tlien  the  reution  it  the  ume  m  Ihc  preoeding ; 
■ilvet  chloride  lod  hypoehloraus  acid  uro  formed.  Bat  this  uid  doss  not  long  cemitiu  in 
ft  tree  alnte ;  it  gr&dually  axle  on  the  silver  oiidc  mid  giiea  ■iWei'  hjpochlorite.  If.  aflsr 
•oma  time,  the  cairent  of  ohlorin«  is  stoiipcd  bnt  Ihs  shaking  i>  pontiniif<d,  then  the 
liquid  lo«e>  ilii  ch&ractBrietlc  odoiu  ot  bypochloroni  acid,  while  preservinR  ita  ennri^tio 
dooalorieing  property,  becaum  the  eilver  byiwrhlorite  wbicli  in  tonned  in  cuily  whible  in 
-vater.  In  the  presence  of  an  eiceaa  of  silver  oiide  this  gall  can  be  kept  for  Hrprnl  dafa 
vilhoat  decompositian,  but  it  in  ■i>Mi«dingly  unstubln  when  tliere  is  not  an  eiceuR  of 
■ilnv  oxido  or  cnrboiute  prewnL  So  long  an  the  Bulution  of  aiWer  hypovhinrilc  ia 
n  op  with  tbo  silver  oiida,  it  preMnwi  its  Irauspanincy  and  hliiaching  property, 
but  dirwtly  it  is  allowed  to  stand,  and  the  silver  onide  »oltli-«,  il  Iwrtimm  rnpidly  cloudy 
and  deposit*  large  flakes  of  silver  chloride,  so  that  the  blai'k  ailrar  otide  which  had 
•ettlvd  becomes  coTered  with  the  whit*  procipitste.  The  li<|Oid  lhi>n  lowii  its  blmching 
propertiu,  and  contains   silver  chlorate  in   mlution,  which  haa  a  slightly  alkalin« 
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of  sulphurous  anhydride  mad  -vras  one  sftturated  at  0°,  Sulpbamm 
anbydt'ide  in  dilute  solutions  is  oxidised  at  the  exp^Dse  of  silver 
chlorate,  even  at  low  temperatures,  with  great  ease  if  the  Hqoid  he 
continually  shaken,  sulphuric  acid  and  silver  chloride  being  formed : 
AgC10a  +  3SO,  +  3HjO=AgCl  +  3H,jSO^.  After  decomposition,  th^ 
resultant  liquid  was  subjected  to  evaporation,  and  the  residue  of  silver 
chloride  was  weighed.  Thus  the  pmceaa  consisted  in  taking  a  known 
weight  of  silver  chlorate,  conveiting  it  into  ailvor  chloride,  and  deter- 
mining the  weight  of  the  latter.  The  analysis  conducted  in  this 
manner  gave  the  following  results,  which,  like  the  preceding,  designate 
the  weight  in  a  vacuum  cjilculated  from  the  weights  obtained  iu  air.  In 
the  iirst  experiment  it  appeared  that  1 38'7890  grams  of  sili'er  chlcmtfl 
gave  103-9795  pnrta  of  sUver  chloride,  and  in  the  second  esperimeDt 
that  2.'J9'5287  grama  of  chlorate  gave  194-44515  grams  of  alver 
chloride,  and  after  fusion  194'443.t  grama.  The  mean  result  of  hotli 
experiments,  converted  into  percentages,  shows  that  100  parts  of  silver 
chlorate  contain  74'9206  of  silver  chloride  and  25-0795  parts  of  oxygen. 
From  this  it  is  possible  to  calculate  the  combining  weight  of  silver 
chloride,  because  in  the  decomposition  of  silver  chlorate  there  are 
obtained  three  atoms  of  oxygen  and  a  combining  weight  of  silver 
chloride:  AgCI0,,=AgCl+30.  Taking  the  weight  of  an  atom 
of  oxygen  to  be  16,  we  find  that  the  combining  weight  of  silver 
chloride  is,  judging  from  the  mean  result,  equal  to  143-395.  Thus  S 
0^16,  AgCl=143-395,  and  as,  judging  from  the  preceding  experi- 
ments, silver  chloride  contains  32-8445  parts  of  chlorine  per  100  part* 
of  silver,  therefore  the  weight  of  the  atom  of  silver  will  be  107-942  and 
of  chlorine  3S-453,  The  weight  of  the  atom  of  sodium  is  determined  from 
the  fact  that  21-3633  parts  of  sodium  chloride  combine  with  32-g445 
parts  of  chlorine,  and  consequently  Na=23-0599.     This  conclusioa  il 

reution,  owEug  to  the  presence  of  >  small  iiiuoniit  ot  dieaolveJ  oxide.   In  lliis  miLiititr  ll> 

reaotiitrnwlikh  »re  eoUBBuotivsly  rwcomplishod  miij  be  eipcassed  by  the  eqB«tioii» : 

(!Cl,  +  SAg..0  +  3H,0>UAsCWCHC10;  OHCIO  +  HAgjO-SH^.MlAgCIO; 

BAgC10-*AgCl  +  2AgC  1  Oj. 

Hence.  StuB  gives  the  (f  Uriwing  method  for  the  propoiatinn  of  eilrer  dilante.  A  elMT 

oamot  of  chlorine  is  eauaed  to  act  on  oxide  ot  silver,  lUBiiended  in  \FiiI(>r,  irliicb  is  ftt 

into  n  stale  of  continuone  movement.     The  shaking  is  continoed  after  Ibe  sapplf  a 

chlorine  has  been  istopiwc],  in  order  Uist  the  free  hypochlaroni  acid  shonld  f—  intl 

silver  bj-poohlotite,  sJid  the  reisultaut  aolation  of  the  hypocblarite  is  druwn  off  frMa  lb 

Hcdiinent  of  tba  eicess  of  silreT  oxii'e.    Tliis  solntion  dwomposes  spontiuieouiilf  inli 

■iWer  chloride  und  chlorate    The  pure  silver  cMorate,  AgClOj,  does  n.it  chanRS  Iwda 

Iho  action  of  light.    The  nslt  is  made  ready  for  further  use  bjr  drying  it  in  dry  air  ■! 

IfiO".     It  is  necessary  dnring  dryiog  to  prevent  the  access  of  any  arganic  matter  t  th!*  | 

done  by  flltenng  the  air  through  cotton  waol,uid  passing  it  over  a  lajrw  of  t«d-holcam| 
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olitnined  by  the  analysis  of  silTer  chlorate.  This  result  was  verified  by 
means  of  the  analysis  of  potassium  chlorate  by  decomposing  it  by  heat 
and  determining  the  weight  of  the  potassium  chloride  formed,  and  also 
by  accomplishing  the  same  decomposition  by  igniting  the  chlorate  in  a 
stream  of  hydrochloric  acid.  The  combining  weight  of  potassiuiii 
chloride  was  thus  determined,  and  another  series  of  detenoiiiatioiis 
confirmed  the  relation  between  chlorine,  potassium,  and  silver,  in  the 
satue  manner  as  the  relation  between  sodium,  clilorme,  and  silver  was 
determined  above.  Co useq neatly,  the  combining  weights  of  sodium, 
chlorine,  and  potassium  could  be  deduced  by  coDJoiDiug  these  data  witii 
the  analysis  of  silver  chlorate  and  the  synthesis  of  silver  chloride.  The 
Agreement  between  the  results  showed  tliat  the  determinations  made 
by  the  above  method  were  perfectly  correct,  and  did  not  depend  in  any 
considerable  degree  on  the  methods  which  were  employed  in  the  pro- 
ceding  determinations,  as  the  conibiiiing  weights  of  chlorine  and  silver 
obtained  were  the  same  as  before.  There  was  naturally  a  difference, 
but  so  small  a  one  that  it  indubitably  depended  on  the  errors  incidental 
to  every  process  of  weighing  and  experiment.  The  combining  weight 
of  silver  was  also  established  by  Stos,  by  meaas  of  the  synthesis  of 
silver  sulphide  and  the  analysis  of  silver  sulphate.  The  combining 
weight  obtained  by  this  method  was  107'920.  The  synthesis  of  silver 
iodide  and  the  analysis  of  silver  iodate  gave  the  figure  107'928.  The 
synthesis  of  silver  bromide  with  the  analysis  of  silver  bromate  gave  the 
figure  107'!)21.  The  synthesis  of  silver  chloride  and  the  analysis  of 
silver  chlorate  gave  a,  mean  result  of  107'937.  Hence  there  is  uc> 
doubt  that  the  combining  weight  of  silver  is  at  least  as  much  as  107-9 
—greater  than  107'90  and  less  than  107'95.  Stas  determined  the 
combining  weights  of  many  other  elements  in  this  manner,  such  as 
lithium,  potassium,  sodium,  bromine,  chlorine,  iodioe,  and  also  nitrogen, 
because  the  determination  of  the  amount  of  silver  nitrate  obtained 
from  a  given  aniount  of  silver  already  gives  the  combining  weight  of 
nitrogen.  Taking  the  combining  weight  of  osygen  as  16,  he  obtained 
the  following  combining  weights  for  these  elements  ;  nitrogen  l-l'Oi, 
silver  10793,  chlorine  33-46,  bromine  7995,  iodine  12685,  lithium 
7'02,  sodium  23'04,  potassium  39'14.  These  figures  differ  slightly  from 
those  which  are  usually  employed  in  chemical  investigations.  They 
must  be  regarded  as  the  result  of  the  b&st  ob3er^-atio^s,  whilst  the 
figures  usually  used  in  chemical  practice  are  only  approximate — they 
are,  so  to  speak,  round  numbers  for  the  atomic  weights. 

Tlie  exhaustive  investigations  conducted  by  Stas  on  the  atomic 
weights  of  the  above-named  elements  Iiave  an  important  significance 
in  the  solution  of  the  problems  aa  to  whether  the  atomic  weights  of  the 
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elements  can  \)0  expressed  in  whole  n ambers  if  the  anit  taken  he  die 
atomic  weight  of  hydrogen.  Proust,  in  the  beginning  ol  this  centoir, 
stfited  that  this  was  the  case,  and  held  that  the  atomic  weights  of  the 
ch^nients  are  multiples  of  the  atomic  weight  of  hydrogen.  The  sobw- 
quent  determinations  of  Berzelius,  Penny,  Marchand,  Marignac,  Damas, 
and  more  especially  of  Stas,  proved  this  conclusion  to  be  oiijnstifiable ; 
because,  for  example,  a  whole  series  of  elements  proved  to  hiTe 
fractional  atomic  weights — for  example,  chlorin?,  about  35*5.  In  viitoe 
of  this,  !Marignac  and  Dumas  stated  that  the  atomic  weights  of  the 
elements  are  expressed  in  relation  to  hydrogen,  either  in  whole  nnmben 
or  in  numbers  with  simple  fractions  of  the  magnitude  ^  and  j^.  But 
Stas's  researches  refute  this  supposition  also.  Even  between  the  com- 
bining weight  of  hydrogen  and  oxygen,  there  is  not,  as  far  as  is  yet 
known,  judging  from  the  reseaches  of  Dumas,  Erdmann,  and  othen 
(Vol.  I.  p.  119),  that  simple  relation  which  is  required  by  Prmuti 


*7  This  hypotheKiR,  for  the  establiBhrnent  or  refutation  of  which  so  m&nj 
have  bi'f  n  ma<U>,  is  exceedingly  im|  ortant,  and  fully  deserves  the  attention  vfaidi  hu 
hfuu  <^veii  to  it.    Indeed,  if  it  apjHiared  that  the  atomic  weights  of  all  the  elemento  ooild 
Ik;  expressed  in  wholt?  numberu  with  reference  to  hydrogen,  or  if  they  *t  leafit  proved  to 
he  coiimunsurublc  with  one  another,  then  it  could  be  afilrmed  with  confidence  thai  Um 
clonients,  with  all  thuir  diversity,  were  formed  of  one  material  condensed  or  grouped  in 
vairious  niannorH  into  the  Htable,  and,  under  known  conditions,  undecomposable  giovpt 
which  we  (rail  the  atoms  of  the  elements.     At  first  it  was  supposed  that  all  the  element* 
were  nothing  else  but  condensed  hydrogen  ;  but  when  it  appeared  that  the  atomic  weigfaU 
of   the   elements  could  not  be  expressed  in  whole  numbers  in   relation   to  hydrogen, 
then  it  might  still  bo  Hupposo<l  that  tliere  exists  a  certain  material  from  which  both 
hydrogen  and  all  the  other  elements  were  formed.    If  it  apx)eared  that  four  atoma  of  thit 
material  form  an  atom  of  hydrogen,  then  the  atom  of  chlorine  would  present  itself  as 
consisting  of  112  atoms  of  this  substance,  the  weight  of  whose  atom  would  be  equal  to 
0"25.     But   in  this  case  the  atoms  of  all  the  elements  should  be  expressed  in  whole 
numbers  with  res])ect  to  the  weight  of  the  atom  of  this  original  material.    Ijet  us  np- 
pose  that  the  atomic  weight  of  tliis  material  is  equal  to  unity,  then  all  the  atomic  wei^ta 
should  be  expressible  in  whole  numbers  relatively  to  this  unit.     This  atom  of  one  ele- 
ment, let  us  su])i)os4.',  would  weigh  m,  and  of  another  n,  but,  as  both  m  and  n  mnst  be 
whole  numbers,  it  follows  that  the  atomic  weights  of  all  the  elements  wonld  be  ooaaaea- 
surable.     But  it  is  suflicient  to  glance  over  the  results  obtained  by  Stas,  and  to  be 
assured  of  their  accuracy,  especially  for  silver,  in  order  to,  if  not  entirely  destroy,  at  least 
strongly  undermine,  this  attractive  hypothesis.     Therefore  we  must  refuse  to  be  assored 
of  the  building  up  from  a  single  substance  of  the  elements  known  by  us.   Tliis  amBoraoce 
is  not  supported  either  by  any  known  transformation  (because  one  element  has  never 
been  converted  into  another  element),  nor  in  thecommensurabilityof  the  atomic  weights 
of  the  elements.     Although  the  hypothesis  of  the  fonnntion  of  all  the  elements  from  a 
single  substance  (for  which  Crookes  has  suggested  the  name  protyle)  is  most  attractive  in 
its  comprehensiveness,  it  cannot  be  denied  nor  accepted  for  want  of  sufficient  data. 
Marignac  endeavoured,  however,  to  overcome  Stas's  conclusions  as  to  the  incommenan- 
rability  of  the  atomic  weights  by  Rup]>osing  that  in  his,  as  in  tlie  detenu inationa  of  all 
other  observers,  there  were  unperceived  errr)rB  which  were  quite  independent  of  the  mode 
of  observation  ;  for  example,  silver  nitrate  may  be  snppoM.*d  to  be  an  unstable  subsianc* 
wliich  changes,  under  the  heatings,  evaporations,  and  otlier  processes  to  which  it  is  Boh- 
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Among  the  platmuiu  metals  ruthenium,  rhodium,  and  palladium,  by 
their  atomic  weights  aud  properties,  nppronch  to  silver,  just  as  the 
analogues  of  iron  (iron,  cohalt,  and  nickel)  approHch  ia  all  respects  to 
copj^r.     Gold  stands  in  exactly  the  same  position  in  relation  to  the 


jected  in  the  reiujtioDa  toi  the  detormiiiBtion  of  the  combining  weight  of  Bilfer.  It  might 
b«  lupiioted,  for  iniitance,  liut  silvet  nitr&ts  cotitiunB  some  impurity  which  ctmnot  ba 
removed  by  nny  mauuB;  it  mighC  also  bo  suppaHid  tbat  t.  portion  ot  the  elements  uI  the 
nitric  will  iire  diiwngiiigi>d  in  tbe  uvupurAtion  of  the  snlaCion  ot  silver  nitrate  (owing  to  the 
decomposing  action  of  water),  and  in  its  [nsian.Biid  thfttwe  have  not  to  deal  with  nornul 
silver  uitmte,  bat  with  a  elighUy  basic  salt.  In  this  cose  the  abierred  combining  weight 
will  not  refer  to  an  octnally  detinlte  chemical  compound,  bat  to  some  mixture  for  which 
there  doet  not  eniit  a.n;  porFectl;  eiact  comhioing  relaliona.  Morignoc  upholds  this  pro- 
position by  the  fact  that  the  contlnsiona  of  Stas  and  otlier  observers  respecting  the  com- 
bining weighta  determined  with  the  greatest  esaotitnde  ver;  nearly  agree  with  the 
proposition  ol  tbe  oommonanrability  of  the  atomic  weights.  For  ainmple,  the  combining 
weight  of  silver  was  shown  to  be  equal  to  lOT'OS,  so  that  it  only  diHers  by  0-07  from 
the  whole  nnmber  108,  which  is  generally  accepted  for  silver.  The  oombioing  weight 
of  iodine  proved  to  be  eqaal  to  13B'85— that  is,  it  differs  from  197  by  DIG.  Tbe  com- 
bining weights  of  Bodinm,  nitrogen,  bromine,  chlorine,  and  lithium  are  still  nearer  to  the' 
whole  or  round  numbets  which  arc  generally  accepted.  But  Moriguac's  proposition  will 
hardly  ftond  criticism.  Indeed  if  we  express  tbe  combining  weights  of  tbe  elements 
determined  hy  Staa  in  relation  to  hydrogen,  then  the  approximation  of  those  weighta  to 
whole  numbers  disappeara,  becnuaa  one  part  of  hydrogen  in  reality  does  not  eombina 
with  IS  ports  of  oiygen,but  with  15'9B  porta,  and  therefore  we  shall  obtain,  taking  H=l, 
not  the  above-cited  Ggares,  but  lor  silver  107'68,  for  bromine  7B'7E,  lor  iodine  ISD'GS, 
magnitndes  which  are  still  further  removed  from  whole  nombers.  Besides  which,  it 
Harignnc'a  propoaition  were  true  the  combining  weight  of  silver  determined  hy  one 
method— .^.^.  by  tbe  analysis  of  silver  chlorate  combined  with  the  synthesis  of  silver 
ehloride — would  not  agree  well  with  the  combining  weight  determined  hy  another  metliod 
— ».g.  hy  means  of  tbe  analysis  of  silver  iudate  and  the  aynthesia  of  silver  iodide.  If  ia 
one  oaae  a  basic  salt  i^nld  he  ohtainuit,  in  the  other  case  an  acid  salt  might  be  obtained. 
Then  the  aiialyais  of  the  acid  salt  would  give  diScTent  results  from  that  of  the  hacic  salt. 
Thus  Harig)ui«'a  argamCDts  ciiuuut  aerve  as  a  support  lor  the  vindication  of  Proust's 
hypothesis. 

In  ooncluainn,  I  think  it  will  not  he  ont  of  plaoo  to  cite  the  following  passage  from  a 
paper  read  by  me  before  the  London  Chemical  Society  in  188U  (Appendix  U.),  where  I 
loaeh  on  tbe  hypothesis  of  the  complexity  of  the  elements  recogniiied  in  chemistry, 
owing  to  the  loct  that  many  have  endeavonccd  U>  apply  the  periodio  law  to  the 
justification  of  this  idea  '  taken  from  a  remote  antignity,  when  it  was  found  convenient 
to  admit  the  existence  of  many  gods  and  of  a  uniqne  matter.' 

'  When  we  try  to  explain  the  origm  of  the  idea  of  a  anique  primary  matter,  we  easily 
Irooo  that,  in  the  absence  of  deductions  Irom  etperiment,  it  derives  its  origin  from  the 
■cieatifloalty  philosophical  attempt  at  discovering  some  kind  of  unity  in  the  immense 
diversity  of  individaalities  which  we  see  around.  In  classical  times  such  a  tendency 
COtild  only  be  tatisfled  by  eonceptiona  aboot  the  immaterial  world.  Aa  to  the  material 
world,  our  anoestots  were  eompuUed  to  reaort  to  aome  hypotheaia,  and  they  adopted  the 
idea  of  unity  in  the  formative  material,  because  they  were  not  able  to  evolve  the  concep- 
tion df  any  other  possible  unity  in  order  to  connect  the  mnltifartous  relations  of  matter. 
Beaponding  to  the  same  legitimate  scientific  tendency,  natural  science  has  dlaoovered 
throaghout  the  universe  a  unity  of  plan,  a  unity  ol  forces,  and  a  unity  of  matter ;  and 
the  oontinciug  oonclnsions  of  modem  acience  compel  every  one  to  admit  these  kinds  ot 
unity.  Bat  while  we  admit  unity  in  many  things,  we  none  the  loss  mast  also  explain 
the  individaolity  and  the  apparent  diversity  which  we  cannot  fail  to  trace  ovelywhsre. 
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heavy  platinum  metals,  osmiant.  iridium,  and  platinmn,  as  copper  and 
sil\>r  do  to  thp  two  preceding  series.  The  atCMnic  weight  o€  gold  if 
nearl  V  equal  to  their  atomic  weights  ;  ^  it  is  also  dense  like  these  metik 
It  a]s«>  gives  various  grades  of  oxidation,  which  are  also  feeble,  both  in 
a  >xi.sic  and  an  acid  sense.  Whilst  near  to  osmium,  iridium,  and  pli- 
tinum,  :rjld  at  the  same  time  is  able,  like  copper  and  silver,  to  fonn 
compiounds  which  answer  to  the  type  RX — that  is,  oxides  of  thecompo> 
sit  ion  R  O.  Cuprous  chloride.  CuCl,  silver  chloride,  AgCl,  and  aurooi 
chloride,  AuCl,  are  substances  which  are  very  much  alike  in  their 
physical  and  chemical  properties.  They  are  insoluble  in  water,  butdii- 
solve  in  hydrochloric  acid  and  ammonia,  in  potassium  cyanide,  sodium 
thiosulphate,  6:c.  Just  as  copper  forms  a  link  between  the  iron  metals 
and  zinc,  and  as  silver  unites  the  light  platinum  metals  with  cadmium, 
so  also  gold  presents  a  transition  from  the  heavy  platinum  metals  to 
mercury.  Copper  gives  saline  compounds  of  the  types  CuX  and  CuX,, 
silver  of  the  type  AgX,  whilst  gold,  Ijesides  compounds  of  the  type 
AuX,  very  easily  and  most  frequently  forms  AuX^.      The  compounds 

It  WA4  sAid  of  oM  '*  Give  ds  a  fnlcmin  and  it  will  become  easr  to  displace  the  earth.** 
So  ai-w>  we  mast  say.  **  Give  anvthing  that  is  individualised,  and  the  apparent  divenity 
w;!'.  )^r  <ra«.:Iy  nnderntood."    Otherwise,  how  could  unity  result  in  a  multitade  ? 

'  Aft^r  a  loriff  and  painstaking  re-search,  natural  science  has  discovered  the  in^vidn* 
aliti'TH  of  th^  chemical  elements,  and  therefore  it  isi  now  capable,  not  only  of  analysing, 
hut  aIt/»  of  Hyr.'hf lining ;  it  can  understand  and  grasp  the  general  and  unity,  as  well  M 
th"  '.i.'].\Aufii'.M:*[  and  multitudinous.    Unity  and  the  general,  like  time  and  space,  likt 
forM:  njifl  rr.otioT),  vi%ry  uniformly.   The  uniform  admit  of  interpolations,  revealing  every 
utUnfitAiK^*-  iUat'*:;  hut  the  multitudinous,  the  individuah'sed — like  ourselves,  like  the 
ihffu.f^i]  t-lntnt^itik^  like  the  members  of  a  peculiar  periodic  function  of  elements,  like 
l}n\*f.ti'n  tu'ihipUi  pro[jr>rtion» — is  characterised  in  another  way.    We  sec  in  it — side  by 
►id«T  v;th  A  yt'.ufTHX  fy»nnecting  principle — leaps,  breaks  of  continuity,  points  which  escape 
fror/i  %)tt'.  »riAly«i<»  of  the  infinitely  small — a  complete  absence  of  intermediate  links. 
('Ait'Xu'Mry  htkH  found  an  answer  to  the  question  as  to  the  causes  of  multitudes,  and  while 
nrt.i.iiifi;^  th"  *uixit'j'\iium  of  many  elements,  all  submitted  to  the  discipline  of  a  geneial 
Ihw.  it  ofTfrrH  an  t'.^ik\iti  from  the  Indian  Nirvana — the  absorption  in  the  oniverftsl — n> 
pla/'iri;<  it  by  the  individualifu'd.     However,  the  place  for  individuality  is  so  limited  by 
th*:  uUgraKjiing,  all-[Km'f:rful  universal,  that  it  is  merely  a  fulcrum  for  the  onderstandiiig 
of  rniiUitud*;  in  unity.' 

^  On«  would  exjiect  from  the  periodic  law  and  analogies  with  the  series  iron,  cobalt, 
nickf'l,  crj|;|M'r,  zinc,  that  the  atomic  weights  of  the  elements  of  the  series  osmium, 
ih'liuiii,  platinum,  g<ild,  mercury,  would  rise  in  this  order,  and  at  the  time  of  the  esta» 
blihhment  i\WM)  of  the  iM.'rir>dic  law,  the  determinations  of  Berzelius,  Rose,  and  othMS 
gave  the  following  values  for  the  atomic  weights:  Os =200, 1  =  197,  Pt=  198,  Au«  196, 
llg  -  200.  The  fulfilment  of  the  expectations  of  the  periodic  law  was  given  in  the  first. 
pla<;e  by  the  frech  determinations  (Senberi,  Diitmar,  and  Arthur)  of  the  atomic  weight  of 
platinum,  which  proved  to  be  nearly  190,  if  0  =  16  (as  Marignac,  Brauner,  and  others 
]>ro|KiHc) ;  in  the  second  place,  by  the  fact  that  Seubert  proved  that  the  atomic  weight  of 
OKiriium  is  really  less  than  that  of  platinum,  and  approximately  Os«191;  and,  in  ths 
third  i)lace,  by  the  fact  thai  after  the  researches  of  Kriiss,  Thorpe,  and  Laurie  there  was 
no  d<nibt  that  the  atomic  weight  of  gold  is  greater  tlion  that  of  platinum — namely, 
nearly  197. 
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of  thia  type  frequently  pass  into  those  of  the  lower  typs,  just  as  PlX, 
I  passes  into  PtX.j  and  the  same  is  observable  in  the  elements  which, 
I  in  their  atomic  weights,  follow  gold.  Mercury  gives  HgXg  and  HgX. 
Thailium  gives  TIX;,  and  TIX,  lea.!  gives  PbX,  and  PbX,.  On  the  other 
f  hand,  gold  in  a  qualitative  respect  differs  from  silver  and  copper  in  the 
I  extreme  fjise  with  which  all  its  compounds  are  reducfd  to  mftal  l»y  many 
means.  Thia  is  not  only  accomplished  by  many  reducing  agents,  but 
f  also  by  the  action  of  heat.  Thus  its  chlorides  and  oxides  lose  their 
I  chlorine  and  oxygen  when  heated,  and,  if  the  temperature  be  sufficiently 
,1  hi^,  these  elements  are  entirely  expelled  and  metallic  gold  alone  re- 
1,      mains.     Its  compounds,  therefore,  act  as  oxidising  agents.'" 

In  wUure  gold  occurs  in  the  primary  and  chiefly  in  quartzose  rocks, 
.     and  especially  in  quarts  veins,  as   in    the  TTrals   (at  Berexoffsk),  in 
I     Australia,  and  in  California.     The  native  gold  is  extracted  from  these 
■'     rocks   by   subjecting  them  to  a  mecha.nical  treatment  consisting  of 
!     crushing  and  washing.     Therefore  poor  ores  are  seldom  treated,  all  the 
more  as  in  many  localities  nature  has  already  accomplished  a  piniilar 
disintegi'ntion  of  the  hard  rocky  matter  containing  gold.*"     These  dis- 
integrated rocks,  washed  by  rain  and  other  water,  have  formed  gold- 
I      tearing  deposits,  which  are  known   as    aUiteinl  gold  deposits.     Cold- 

I     bearing  soil  is  sometimes  met  with  on  the  surface  ond  sometimes  under 
the  upper  soil,  but  more  frequently  along  the  banks  of  dried-up  water- 

I"*  Hmyy  atonw,  ultlioUBli  they  may  preaont  mimy  points  d(  (umlogy  witli  ligiitar 
itoniB,  ue  more  Oftsily  iuiliited ;  thus  CioHj.h  ulthouah  it  combines  with  Br,  lika  C.,Ui. 
aod  tkltliough  it  ha,i  the  tame  common  propflrtiea,  yet  reoDtB  with  moch  greahir  difficulty 
tlum  C]H, ;  the  heavy  tloniB  and  moloculei  are,  so  to  say,  inert,  and  already  Batarabed 
1  by  thfliDBtilTM.  Gold  in  its  higher  grade  of  oxidation,  AujO^,  prcmnts  feeble  basil:  pro- 
I  pertiet  ajid  weahly-dereloped  add  propeitioe,  w>  that  this  otjde  at  gold,  AngOj,  may  be 
rafaned  to  the  chua  of  feeble  aeid  oxides,  like  platinia  Dxido.  Thia  ia  not  the  eane  in  the 
highest  Iniown  oxides  of  coppei  and  biItbi.  Bnt  in  tbe  lower  grade  of  oiidatjon,  aurona 
oxide,  AojO,  gold,  like  silTer  and  copper,  preeenbt  basic  pnipertJeB,  allfaongh  (hey  am 
mKOergetic.  In  this  respect  it  Btands  very  dose  in  its  properties,  although  not  in  ite 
typM  ot  combinaUon  (AaX  and  AoSj),  to  platinum  |PtX]  and  PtX^)  and  its  amOogues. 

As  yet  the  general  chemieal  characteriatica  of  ffold  and  its  cnmponnda  have  not  been 
tally  investigated.  This  is  partly  due  to  very  tew  bavins  undertaken  leseaiches  on 
the  cvmponnds  of  this  metaJ,  owing  to  its  difficult  ncceaslbility  For  working  in  large 
qoantitiea.  As  the  atomic  weight  of  gold  is  high  (Au^  1DT|,  the  prepamtiOD  o!  its  compounds 
lequircs  lliat  it  should  he  taken  in  large  quantitiea,  which  tonns  an  obstacle  lo  ita  being 
I*  folly  studied.  Therefore,  the  faots  concerning  the  hittory  of  thia  metal  are  rarely  diatin- 
I  guished  by  that  exactitude  with  which  many  facts  havu  been  established  concerning  other 
elamente  more  accessible,  and  long  known  in  nse. 

I"  However,  in  recent  times,  especially  since  a.bonl  1870,  since  chlnrina  (either  as  a 
•olution  of  the  gas  or  tw  bleaching  powder|  and  bromine  hare  been  applied  to  the  citrac- 
tioB  of  finely-divided  gold  from  poor  ores  (previoaaly  roosted  in  order  to  drive  off  arsenic, 
'  snlpboc,  and  oxidise  the  iron,  Fe),  the  extraction  of  gold  from  qoarti,  and  of  that  which  ia 
held  in  pyritea.  increaacs  from  year  to  year,  and  begins  to  equal  the  amount  axtracted 
from  alturial  deposits. 
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courses  and  running  streams.     The  sand  of  many  rivers  contains,  how* 
ever,  a  very  small  amount  of  gold,  which  it  is  not  profitable  to  work ;  for 
example,  that  of  the  Alpine  rivers  contains  5  parts  of  gold  in  10,000,000 
parts  of  sand.     The  richest  gold  deposits  are  those  of  Siberia,  especially 
in  the  southern  parts  of  the  Government  of  Yeniseisk,  the  South  Urals, 
Mexico,  California,    and   the  southern   coast  of  Australia,  and  then 
the  comparatively  poorer  alluvial  deposits  of  many  countries  (Hungary, 
the  Alps,  and  Spain  in  Europe).      The  extraction  of  the  gold  from 
alluvial  deposits  is  based  on  the  principle  of  levigation  ;  the  earth  is 
washed,  while  constantly  agitated,  by  a  stream  of  water,  which  carries 
away  the  lighter  portion  of  the  earth,  and  leaves  the  coarser  particles  of 
the  rock  and  heavier  particles  of  the  gold,  together  with  certain  sub- 
stances which  accompany  it,  in  the  washing  apparatus.  The  extraction  of 
this  washed  gold  only  necessitates  mechanical  appliances,'^  and  it  is  not 
therefore  surprising  that  gold  was  known  to  savages  and  in  the  most 
remote  period  of  history.     It  sometimes  occurs  in  crystals  belonging  to 
the  regular  system,  but  in  the  majority  of  cases  in  nuggets  or  grains  of 
greater  or  less  magnitude.     It  always  contains  silver  (from  very  small 
quantities   up  to   30  p.c,  when  it  is  called  *electrum')  and  certain 
other  metals,  among  which  lead  and  rhodium  are  sometimes  found. 
The  separation  of  the  silver  from  gold  is  generally  carried  on  with 

^^  But  the  particles  of  gold  are  sometimes  so  small  that  a  large  amount  is  lost  daring 
the  waHliing.  It  is  then  profitable  to  have  recourse  to  the  extraction  by  chlorine  and 
bromine  (Note  80). 

In  speaking  of  the  extraction  of  gold  the  following  remarks  may  not  be  out  of  place. 

In  California  advantage  is  taken  of  water  supplied  from  high  altitudes  in  order  to 
have  a  powerful  head  of  water,  with  which  the  rocks  are  directly  washed  away,  thus 
avoiding  the  greater  portion  of  the  mechanical  labour  required  for  the  exploitation  of 
these  deposits. 

The  last  residues  of  gold  are  sometimes  extracted  from  sand  by  washing  them  with 
mercury,  which  dissolves  the  gold.  The  sand  mixed  with  water  is  caused  to  come  into 
contact  with  mercury  during  the  washing.     The  mercury  is  then  distilled. 

Many  sulphurous  ores,  even  pyrites,  contain  a  small  amount  of  gold.  Compounds  of 
gold  witli  bismuth,  BiAua,  tellurium,  AuTe^  (calverite),  &c.,  have  been  found,  although 
rarely. 

Among  the  minerals  which  accompany  gold,  and  from  which  the  presence  of  gold  may 
be  expected,  we  may  mention  white  quartz,  titanic  and  magnetic  iron  ores,  and  also  the 
following,  which  are  of  rarer  occurrence,  zircon,  topaz,  garnet,  and  such  like.  The  con- 
centrated gold  washings  first  undergo  a  mechanical  treatment,  and  the  impure  gold  then 
obtained  is  treated  for  pure  gold  by  various  methods.  If  the  gold  contain  a  considerable 
amount  of  foreign  metals,  especially  lead  and  copper,  it  is  sometimes  cupelled,  like  silver, 
so  that  the  oxidisable  metals  may  be  absorbed  by  the  cupel  in  the  form  of  oxides,  bat  in 
every  case  the  gold  is  obtained  together  with  silver,  because  the  latter  metal  also  is  not 
oxidised.  Sometimes  the  gold  is  extracted  by  means  of  mercury  (and  the  mercury  sab- 
sequently  driven  oflf  by  distillation),  that  is,  by  amalgamation,  or  by  smelting  it  with 
lead  (which  is  afterwards  removed  by  oxidation)  and  processes  like  those  employed  for 
the  extraction  of  silver,  because  gold,  like  silver,  does  not  oxidise,  is  dissolved  by  lead 
and  mercury,  and  is  non- volatile. 
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great  precision,  as  the  presence  of  the  silver  in  the  gold  does  not  in- 
crease its  value  for  exchange,  and  it  can  be  substituted  by  other  less 
valuable  metals,  so  that  it  is  an  entire  gain  to  extract  tho  silver,  as  a 
precious  metal,  from  its  alloy  with  gold.  This  separation  is  conducted 
by  different  methods.  Sometimes  the  argentiferous  gold  ia  melted  in 
crucibles,  together  with  a  mixture  of  com  boh  salt  and  powdered  bricks. 
The  greater  portion  of  the  silver  is  thus  converted  into  the  chloride, 
which  fuses  and  ia  absorbed  by  tho  slugs,  from  which  it  may  be  ex- 
tract<^d  by  the  usual  methods.  The  silver  ia  also  extracted  from  gold  by 
treating  it  with  boiling  sulphuric  acid,  which  does  not  act  on  the  gold 
bntdissolvea  the  silver.  But  if  the  alloy  does  not  contain  a  large  propor- 
tion of  silver  it  cannot  be  extracted  by  this  method,  or,  at  all  events,  the 
Beparation  will  be  imperfect,  and  therefore  a  fresh  amount  of  silver  b 
added  (by  fusion)  to  the  gold,  in  such  a  quantity  that  the  alloy  con- 
tains twice  as  much  silver  as  gold.  The  silver  which  is  added  is  pre-" 
ferably  such  as  contains  gold,  which  is  very  frequently  the  cuae.  The 
alloy  thus  formed  is  poured  in  a  thin  stream  into  water,  by  which 
means  it  is  obtained  In  a  granulated  form,  M-hich  is  then  boiled  with 
strong  sulphuric  acid,  three  parts  of  acid  being  used  for  one  part 
of  alloy.  The  sulphuric  acid  cxtracta  all  the  silver  without  acting 
on  the  gold.  It  ia  best,  however,  to  pour  off  the  first  portion  of  the 
acid,  which  has  dissolved  the  silver,  and  then  treat  the  residue  of  still 
imperfectly  pure  gold  with  a  fresh  (juantity  of  sulphuric  acid.  The  gold 
is  thus  obtained  in  the  form  of  powder,  which  is  washed  with  water 
until  it  is  quite  free  from  silver.  Tlie  silver  is  precipitated  from 
the  solution  by  means  of  copper,  so  that  cupiic  sulphate  and  metallic 
silver  are  obtained.  This  process  ia  carried  out  in  many  countries,  as  in 
Kussia,  at  the  Government  mints. 

Gold  Ls  generally  used  in  practice  alloyed  with  copper  ;  because 
pure  gold,  like  pure  silver,  ia  very  soft,  nnd  therefore  soon  worn  away. 
In  assaying  or  determining  the  amount  of  pure  gold  in  such  an  alloy 
it  ia  usual  to  add  silver  to  the  gold  in  oi'der  to  make  up  an  alloy 
containing  three  parts  of  silver  to  one  of  gold.  This  is  known  as 
quartation  (because  the  alloy  coiit4iins  ^  of  gold),  and  the  resultant 
alloy  ia  treat^'d  with  nitric  acid.  If  the  silver  be  not  in  excess  over 
the  gold,  il  is  not  all  dissolved  by  the  nitric  acid,  and  this  is  the  reason 
of  the  quartation.  The  amount  of  pure  gold  (as.say)  is  determined  by 
weighing  the  gold  which  remains  after  this  treatment.  English  gold 
(^22  carats)  coinage  b  composed  of  an  alloy  containing  9r66  p.c,  of 
gold,  but  for  many  articles  gold  is  frecjuently  used  containing  a  liu'ger 
amount  of  foraign  metals. 

Pure  r/oid  may  be  obtained  from  gold  alloys  by  dissolving  in  aqua 
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Tegia,  and  then  aiding  ferroas  sulphate  to  the  Bolution  or  heating  it 
with  a  solution  of  oxaliu  acid.     These  deuxidising  agents  reduce  tlw 
gold,  but  not  the  other  metals.     The  chlorine  comlnned  with  the  gnld 
then  acts  like  free  chlorine.     The  gold,  thus  reduced,  is  precipitated  u 
an  exceedingly  fine  brown  powder.     It  is  then  washed  with  water,  kA 
fused  with  nitre  oj-  Irorax,     Pure  gold  reflects  a  yellow  light,  anil  in 
the  form  of  very  thin  sheets,  into  which  it  can  be    hammered  and 
rolled,  it  transmits  a  bluish-green  light.     The  specific  gravity  of  gold  is 
nearly  19-5.     It  fuses  at  1090° — at  a  higher  tempei-ature  than  silver— 
and  can  be  drawn  into  exceedingly  fine  wires  and  thin  sheets.     Golil 
leaf  is  used  for  giltling — for  instance,  it  is  glued  on  to  wood  by  meaoi 
of  drying  oils.     With  its  softness  and  ductility,  gold  is  distinguishid 
for  its  tenacity,  and  a  gold  wire  two  millimetres  thick  breaks  under  m 
load   of    6S   kilograms.      Gold  vaporises  even  at  a  furnace  heat,  so 
tjiat  it  imparts  a  greenish  colour  to  a  flame  passing  over  it  in  a  fumat* 
In  a  chemical  respect,  gold  presents,  as  is  already  seen  from  its  gi-nenj 
characteristics  given  above,  an  example  of  the  so-called  noble  melnls— 
i.e.,  it  is  incapable  of  being  oxidised  under  any  heat,  and  its  oxide  ii 
decomposed   when    calcined.      Only   chlorine  and  bromine    combtn* 
directly  with  it  at  the  ordinary  temperature,  but  many  other  metAlf 
and  non-metols  combine  with  it  at  a  red  heat — for  exampli',  sulphur, 
phosphorus,  and  arsenic.     Mercury  dissolves  it  with  great  ease.    It 
dissolves  in  potassium  cyanide  in  the  presence  of  air ;  a  mixture  rf 
sulphuric  acid  with  nitric  acid  dissolves   it  with   tlie   aid    of    hiiat,! 
although  in  small  quantity.      It  is  also  soluble  in  aqua  regia  and 
Eelenic  acid.     Sulphuric,  hydrochloric,  nitric,  and  hydroHuoric  acidl 
and  the  caustic  alkalis  do  not  act  on  gold,  bat  a,  mixture  of  hydro*, 
chloric  acid  with  such  oxidising  agents  as  evolve  chlorine  naturally 
dissolves  it  like  aqua  regia. 

As  regards  the  compounds  of  gold,  they  belong,  as  was  said 
above,  to  the  types  AuXg  and  AuX.  Auric  chloride  or  gold 
chloridf,  AuCl;,,  which  is  formed  when  gold  is  dissolved  in  aqua  regia,, 
belongs  to  the  former  and  higher  of  these  types.  The  solution  of  thil 
substance  in  water  has  a  yellow  colour,  antl  it  may  be  obtained  pure  bf 
evaporating  the  solution  in  aqua  regia  to  dryness,  but  not  to  the  point 
of  decomposition.  If  the  evaparation  proceed  to  the  point  of  crystitl* 
lisation,  a  compound  of  gold  chloride,  and  hydrochloric  acid,  AuHCltiil 
obtained,  like  the  kindred  compounds  of  platinum  ;  but  it  easily  partt 
with  the  acid  and  leaves  auric  chloride,  which  fuses  into  a  red-browB 
liquid,  and  then  solidifies  into  a  crystalline  mass.  If  dry  chlorine 
passed  over  gold  in  powder  it  forms  a  mixture  of  aui-ous  and  an 
chlorides,  but  the  aurous  chloride  is  also  decomposed  by  water  into 
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gold  aniil  aorlc  chloride.  Auric  cliloride  crfstallk^  from  its  soltitioDS 
Bs  AuClj,2HjO,  which  easily  loses  water,  and  the  dry  chloride  loses 
two-thirds  of  its  chlorine  at  185°,  forming  aurous  chloride,  whilst  at 
above  300°  the  latter  chloride  also  loses  its  chlorine  and  leaves 
metallic  gold.  Auric  chloride  is  the  usual  form  in  which  gold  o 
solutions,  and  in  which  its  aalts  are  usej  in  practice  and  for  chemical 
purposes.  It  la  soluble  in  water,  alcohol,  and  ether.  Light  haa  a  redu- 
cing action  on  these  aolutioua,  and  after  a  time  metallic  gold  is  deposited 
upon  the  Bides  of  vessels  containing  the  solution.  Hydrogen,  at  the 
moment  of  its  evolution  and  even  in  a  gaseous  form,  reduces  gold  from 
this  solution  to  a  metallic  state.  The  reduction  is  more  conveniently 
and  usually  accomplished  by  ferrous  sulphate,  and,  in  general,  1 
action  of  ferrous  salts.^* 

If  a  !jolution  of  potassium  hydroxide  is  added  to  a  solution  of  a 
chloride,  aprecipitat^is  first  formed,  which  i-e-diasolves  in 
the  alkali.  On  being  evaporated  under  the  receiver  of  an  air-pump, 
this  solution  yields  yellow  crystals,  which  present  tbesame  composition 
as  the  double  salts  AuMCIj,  with  the  substitntion  of  the  chlorine  by 
oxygen— that  is  to  any,  potassium  aurate,  AuKO,,  is  formed  in  ciystaU 
containing  3H.,0.  The  solution  has  a  distinctly  allcaline  reaction. 
Aurieoxidf,  AujOj,  separates  when  this  alkaline  solution  U  boiled  with 
an  excess  of  sulphuric  acid.  But  it  then  still  retains  some  alkah  ;  how- 
ever, it  may  he  obtained  in  a  pure  state  as  a  brown  powder  by 
dissolving  in  nitric  acid  and  diluting  with  water.  The  brown  powder 
decomposes  below  250'  into  gold  and  oxygen.  It  is  insoluble  in  water 
and  in  many  acids,  but  it  dissolves  in  alkalis,  which  shows  the  acid 
character  of  this  oxide.  A  hydroxide,  Au(0H)3,  may  be  obtained  as  a 
brown  powder  by  adding  magnesium  oxide  to  a  solution  of  auric  chlo- 
ride and  treating  the  resultant  precipitate  of  magnesium  aurate  with 


)'  Btuiniiaa  cblcinde  u  a  TeduciDj;  agent  aleo  Attn  dd  saHc  chloride,  uirj  givon  a  red 
precipitate  known  an  purple  of  Ceinnui.  This  aubBtunee,  n-hich  probubly  conteim  ■ 
mixMre  or  componnd  of  ftnrona  oiide  and  tin  oiLde,  ■«  aseA  u  ■  red  piKmenl  tar  diinn 
■nd  glM>.  Oialio  ntid,  wlien  heated,  rednc™  meUJlio  gold  from  its  salts,  wliich  aa,y  be 
taken  adTuitftgB  of  [or  sBpariliiig  it  !rom  ita  Klnliona.  The  oiidstion  whiph  ibra 
Ukei  pliwe  in  the  presence  of  water,  mny  be  eipreased  bj  the  (ollowing  eqnntian : 
■AaClt'-SC,H,04=SAn4eBC1-F(SCO,.  Nearly  all  orgnnic  BabatauceK  bars  ■  reducing 
aetioa  on  gold,  and  anlntioni  of  gold  leave  a  Tiolet  sUin  OD  the  skin. 

Aniic  cfatoride,  like  pUtioii!  chloride,  ii  diatinguiahed  (nr  lla  clparlj-developed  faculty 
<rf  fonniug  donble  aalta.  These  doable  aalla,  as  a  rule,  belong  to  the  type  AuHCI,.  Tbe 
abore-nientiDDefl  compoand  of  anrio  obloride  with  hydrochlon'o  acid  evidently  belongs 
io  tha  same  type.  The  componnda  aKAnCli.KHjO,  NaAuOj.aHjO,  AaNH,Cl„H,0, 
lIg(AnCl,)„aa,0,  and  the  like  are  easily  cryalaltised  in  well-formed  cryatali.  Aurio 
bromide,  AoBr^h  i"  extremely  like  the  chloride.  Aarlo  cyanide  ia  obtained  eaaily  in  the 
[onn  of  a  dunble  aalt  of  patoaaiam.  KAd[CH)4,  by  mixing  eatnrated  and  hot  aolutiona  of 
potaMliun  cyanide  wiUi  aario  chloride  and  Iben  eonling. 
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nitric  ncid.     This  hydroxide  loses  water  at   100"*,  and  gives  anrie 

oxide.'' 

Tho  starting-point  of  the  compounds  of  the  tjrpe  AuX  is  gold 
mouochJoridf*.  or  aurons  chloride,  AuCl,  which  is  formed,  as  mentioned 
above,  by  boating  auric  chloride  at  185®.  Aurous  chloride  forms  s 
yellowish  white  powder  ;  this,  when  heated  with  water,  is  decomposed 
into  nietnllic  gold  and  auric  chloride,  which  passes  into  solution: 
3 AuCM  =  A  uClj  -h  2  Au.  This  decomposition  is  accelerated  by  the  action 
of  liglit.  Hence  it  is  obvious  that  the  compounds  corresponding  with 
aurous  oxide  are  comparatively  unstable.  But  this  only  refers  to  the 
simple  compounds  AuX  ;  '*  some  of  the  complex  compounds,  on  the 
contrary,  form  tho  most  stable  compounds  of  gold.  Such,  for  ex- 
ample, is  the  cyanide  of  gold  and  potassium,  AuK(CN)2.  It  is  formed, 
for  instjxnce,  when  gold  dissolves  in  the  presence  of  air  in  a  solution  of 
potassium  cyanide:  4KCN-h2Au  +  HoO-hO=2KAu(CN)2  +  2KHO. 
The  same  ci>mpound  is  formed  in  solution  when  many  compounds  of 


♦■^"^  If  Auunonia  i-*  aiUUnl  to  a  solntion  of  auric  chloride,  it  forms  a  yellow  precipitate 
of  tho  so-oaUiHl  fuhniimtin):  gt^ld,  which  contains  jrold,  chlorine,  hydrogen,  nitrogen, 
and  oxy);oii,  hut  it^t  formula  is  not  known  with  certainty.  It  is  probably  a  sort  of  am- 
nitMiio  inotallio  comiv^und.  AujO^.-lXHv  or  amide  (like  the  mercury  compound).  This 
prwipitato  oxpUxloa  at  140^,  but  when  left  in  the  presence  of  solutions  containing  am- 
monia it  los(^<«  all  its  chlorine  and  becomes  unexplosive.  In  this  form  the  compoaitioa 
AustV.iiNHjJljO  is  ascribed  to  it,  but  this  is  uncertain.  Auric  sulphide,  AUfSj,  k 
obtaintsl  by  tho  action  of  hydrogen  sulphide  on  a  solution  of  auric  chloride,  and  also  by 
dirtvtly  fusing  sulphur  with  g\^ld.  It  has  an  acid  character,  and  therefore  disaolret 
in  s^xliuui  and  ammouium  sulphides. 

''^^  IVtassium  aurv"»us  v»yanivlo  c-.Tres^^i^n.ls  with  the  salts  of  the  type  AaKX^  lika 
I'lK.^X^.  with  whioh  wo  Invame  a^vjUAintovl  in  the  last  chapter.  We  will  enumerate 
soYoral  of  tho  r*»pT>»sontAtivt»s  of  thi<  cla<s  v"»f  coniwunds.  If  auric  chloride,  AuCl;^  be 
mivtHl  with  a  >»»lut;ou  of  s«xlin:n  tliuviwlph.ste.  then  the  gold  passes  into  a  cdourleas 
sohi:;.>M,  \\h'.»'h  dojv'S'.ts  c\^lourU»s>  orysJals,  iMUtaining  a  double  thiosulphate  of  gold 
and  <vM.*a'n.  whioh  ary»  easily  s*^lub%^  in  n-ater  but  are  pre.-'ipitatAd  by  alcohol.  The 
lvn^\s^s::.^'n  of  th-s  salt  is  Nas.Vu.Jv^OOv-H^O.  If  tho  s^xliam  thii.>s.ulp]i«te  be  repre- 
M':^to.'.  ..<  N.iS  O-.Na.  thon  tho  v1.k;Mo  saH  in  qnession  will  be  AuXa  ^.O::Nai^H.,0» 
a^wrvv.VvC  to  tVo  tvw  Av.NaX-,  Tho  -s^^ltition  of  this  c\>lour!e<»  and  easilr  crrstallisaUe 
sAlt  has  A  sw«>^:  :ast*\  at^d  tho  i^^\l  i*  not  <«^r»»rA:ed  frv^m  it  eilber  by  fem>us  sulphate  or 
ovaV.o  ao  »t.  This  saIi.  which  is  kr.^^wn  *<  F.— .:V^  \in.i  Gi\*'$  f  i.'r.  i*  u«wd  in  medicine 
a^-jd  ph.^t.^:r.•.*/^y.  Iv.  co:>t*r*"l.  AV.^.v.'.f  o\i.io  o\h;b::-i  a  distinol  irclinasSon  to  tbe  fonna- 
t  .  V.  of  s  :*■:  'a-  .^or.V'.o  sa'.t>.  as  xiv  saw  **;-,'«  w-::>  P:X*;  fi>r  exar^ple,  it  forms  simiSar  salts 
>•  :V.  su'v^ :i:r.^r.<  aoid.  Thus  ;f  a  s^vuv.^r:  of  s^>i;a:ri  *:::phite  be  gradually  add^i  to  a 
<t,^ -.:::.  V.  .:  v\  vie  o:  coM  *r.  ^.vt.nv.i  hy»-.r>\:.?e.  thtn  the  prwir^itJite  ax  £rsl  fcvmcd  w^ 
ox^  ^..  T  A  v-«''..''.::*:o-ss  s.'.u:./'-!.  v.Mch  c\-r.tc\.r.s  tV.o  ^i  v::*  >  salt  Na^\u  5S03i*j= 
\r.N..  <  >-,N  '.  T>o  >--^>--.:  .'  •  ^^f  t"^ .-  <=.*?.  w>t-r,  :r.:\t-\i  with  bariari  cbJ-.-Ts  ».  ir&5  forms 
A  'j'^rtx-  y  tAt«-  --:  K^rir.r.*.  sr.'.r>h  :*.  ar^.i  thvs  a  :>:\;  bar.^ini  d:cKe  saZl.  whicli  cvi 
>•  tV.  :'*■<   siv^v  >»vvr.r2  ^sall^ 

VV.^  -  ^^  o^  '.  .N  v.-.tvnro.  .-•"  t>T"  tTTv"  Ar.X.  .r^  •*.    «  ,\r:  f'.  A^.O.  ^  ^-Nbtarrsed as  a  p 
\-.-*.:  '>-A,-.r     ••  r'.-.\-.r.«  ftrr^zs  .V'-r.^t   w-.th  p-^Assir.:::  vii/.-cvae  i^  tbe  «0d.    WtA 
V>\;r»^  '     ■■ :  ^<  At>.;>^^\.>f  rros  r. •'- ^  Ani  acric  chlcnoe,  ar>d  w^ea  Watcl  it  eamly 
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gold  are  mixed  with  potassium  cyanide,  because  if  a  liigher  compound 
of  gold  be  taken,  it  is  reduced  by  the  potassium  cyanide  into  aurous 
oxide,  which  dissolves  in  potassium  cyanide  and  forms  KAu(CN).2. 
This  substance  is  soluble  in  water,  and  gives  a  colourless  solution,  which 
can  be  kept  for  a  long  time  and  is  employed  in  electro-gilding — that  is, 
for  coating  other  metallic  objects  with  a  layer  of  gold,  which  is  deposited 
if  the  object  be  connected  with  the  negative  pole  of  a  battery  and  a  gold 
plate  be  placed  on  the  positive  polo  and  an  electrical  current  passed 
between  them.  Then  the  gold  which  is  situated  on  the  positive  pole 
will  dissolve,  whilst  a  coating  of  gold  from  the  solution  will  be  deposited 
on  the  object. 
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AN  ATTEMPT  TO  APPLY  TO  CHEMISTRY  ONE   OF  THE 
PRINCIPLES  OF  NEWTON'S  NATURAL  PHILOSOPHY. 

BY    PROFESSOR    MENDELEEFF. 

A   LBCTURB   DELIVERED   AT  THE   ROYAL   INSTITUTION   OP   GREAT    BRITAIN 

ON   FRIDAY,    MAY   31,    1889. 

Nature,  inert  to  the  eyes  of  the  ancients,  has  been  revealed  to  U8  as  foil  of 
life  and  activity.  The  conviction  that  motion  pervaded  all  things,  which  was 
first  realised  with  respect  to  the  stellar  universe,  has  now  extended  to  the 
unseen  world  of  atoms.  No  sooner  had  the  human  understanding  denied  to 
the  earth  a  fixed  position  and  launched  it  along  its  path  in  space,  than  it  was 
sought  to  fix  immovably  the  sun  and  the  stars.  But  astronomy  has  demon- 
strated that  the  sun  moves  with  unswer\^ing  regularity  through  the  star-set 
universe  at  the  rate  of  about  50  kilometres  per  second.  Among  the  so-called 
fixed  stars  are  now  discerned  manifold  changes  and  various  orders  of  move- 
ment. Light,  heat,  electricity — like  sound — have  been  proved  to  be  modes 
of  motion ;  to  the  realisation  of  this  fact  modern  science  is  indebted  for 
powers  which  have  been  used  with  such  brilliant  success,  and  which  have  been 
expounded  so  clearly  at  this  lecture  table  by  Faraday  and  by  his  successors. 
As,  in  the  imagination  of  Dante,  the  invisible  air  became  peopled  with  spiritual 
.beings,  so  before  the  eyes  of  earnest  investigators,  and  especially  before  those 
of  Clerk  Maxwell,  the  invisible  mass  of  gases  became  peopled  with  particles : 
their  rapid  movements,  their  collisions,  and  impacts  became  so  manifest  that 
it  seemed  almost  possible  to  count  the  impacts  and  determine  many  of 
the  peculiarities  or  laws  of  their  collisions.  The  fact  of  the  existence  of 
these  invisible  motions  may  at  once  be  made  apparent  by  demonstrating  the 
difference  in  the  rate  of  diffusion  through  porous  bodies  of  the  light  and 
rapidly  moving  atoms  of  hydrogen  and  the  heavier  and  more  sluggish  par- 
ticles of  air.  Within  the  masses  of  liquid  and  of  solid  bodies  we  have  been 
forced  to  acknowledge  the  existence  of  persistent  though  limited  motion  of 
their  ultimate  particles,  for  otherwise  it  would  be  impossible  to  explain,  for 
example,  the  celebrated  experiments  of  Graham  on  diffusion  through  liquid 
and  colloidal  substances.     If  there  were,  in  our  times,  no  belief  in  the  mole- 
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ciilar  motion  in  solid  bodies,  could  the  famous  Sprin^ir  have  hoped  to  attain 
any  result  by  mixing  carefully-dried  powders  of  potash  saltpetre  and  Bodium 
acetate,  in  order  to  produce,  by  pressure,  a  chemical  reaction  between  these 
substances  through  the  interchange  of  their  metals,  and  have  derived,  for  the 
conviction  of  the  incredulous,  a  mixture  of  two  hygroscopic  though  solid 
salts — sodium  nitrate  and  potassium  acetate  ? 

In  these  invisible  and  apparently  chaotic  movements,  reaching  from  the 
stars  to  the  minutest  atoms,  there  reigns,  however,  a  harmonious  order  which 
is  commonly  mistaken  for  complete  rest,  but  which  is  really  a  consequence 
of  the  conservation  of  that  dynamic  equilibrium  which  was  first  discerned 
by  the  genius  of  Newton,  and  which  has  been  traced  by  his  successors  in  the 
detailed  analysis  of  the  particular  consequences  of  the  great  generalisation, 
namely,  relative  immovability  in  the  midst  of  universal  and  active  movement 

But  the  unseen  world  of  chemical  changes  is  closely  analogous  to  the 
visible  world  of  the  heavenly  bodies,  since  our  atoms  form  distinct  portions 
of  an  invisible  world,  as  planets,  satellites,  and  comets  form  distinct  portions 
of  the  astronomer's  universe ;  our  atoms  may  therefore  be  compared  to  the 
solar  systems,  or  to  the  systems  of  double  or  of  single  stars  :  for  example, 
ammonia  •(NH3)  may  be  represented  in  the  simplest  manner  by  supposing 
the  sun,  nitrogen,  surrounded  by  its  planets  of  hydrogen ;  and  common  salt 
(NaCl)  may  be  looked  on  as  a  double  star  formed  of  sodium  and  chlorine. 
Besides,  now  that  the  indestructibility  of  the  elements  has  been  acknow- 
ledged, chemical  changes  cannot  otherwise  be  explained  than  as  changes  of 
motion,  and  the  production  by  chemical  reactions  of  galvanic  currents,  of 
light,  of  heat,  of  pressure,  or  of  steam  power,  demonstrate  visibly  that  the 
processes  of  chemical  reaction  are  inevitably  connected  with  enormous  though 
unseen  displacements,  originating  in  the  movements  of  atoms  in  molecules. 
Astronomers  and  natural  philosophers,  in  studying  the  visible  motions  of  the 
heavenly  bodies  and  of  matter  on  the  earth,  have  understood  and  have  esti- 
mated the  value  of  this  store  of  energy.  But  the  chemist  has  had  to  pnrsas 
a  contrary  coturse.  Observing  in  the  physical  and  mechanicsJ  phenomeDA 
M'hich  accompany  chemical  reactions  the  quantity  of  energy  manifested  by 
the  atoms  and  molecules,  he  is  constrained  to  acknowledge  that  within  the 
molecules  there  exist  atoms  in  motion,  endowed  with  an  energy  which,  like 
matter  itself,  is  neither  being  created  nor  capable  of  being  destroyed.  There- 
fore, in  chemistry,  we  must  seek  dynamic  equilibrium  not  only  between  the 
molecules,  but  also  in  their  midst  among  their  component  atoms.  Many 
conditions  of  such  equilibrium  have  been  determined,  but  much  remains  to  be 
done,  and  it  is  not  uncommon,  even  in  th<^se  days,  to  find  that  some  chemists 
forget  that  there  is  the  possibility  of  motion  in  the  interior  of  molecules,  and 
therefore  represent  them  as  being  in  a  condition  of  death -like  inactivity. 

Chemical  combinations  take  place  with  so  much  ease  and  rapidity, 
possess  so  many  special  characteristics,  and  are  so  numerous,  that  their  sim- 
plicity and  order  was  for  a  long  time  hidden  from  investigators.  Sympathy, 
relationship,  all  the  caprices  or  all  the  fancifulness  of  human  intercourse 
seemed  to  have  found  complete  analogies  in  chemical  combinations,  but  with 
this  difference,  that  the  characteristics  of  the  material  substances — such  as 
silver,  loi  example,  or  of  any  other  body — remain  unchanged  in  every  sub* 
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diviaion  from  the  Inrgcst  maSBee  to  the  Bma-Ueat  partic^les,  avid  c:inse:jaently 
tbetr  cliaroct eristics  must  l>o  a,  property  uf  it«  pBrticles.  Gut  the  world  of 
beavanlj  huuinaries  appeared  eigually  fanciful  at  man's  &rei  acquaintaDce 
with  it,  so  much  so,  thnt  the  aatroloi^era  iiiissc*ned  a  connection  helween  Eha 
individaalikB  of  meo  und  the  conjnnc tiona  of  planets.  Thanks  to  the  };eniuB 
of  Lavoisier  and  of  DaUtm.  niim  hoa  be^n  able,  in  the  unseen  world  of  che- 
micBil  combinations,  to  reco^ise  laws  of  the  same  simple  order  as  those 
which  Copernicus  and  Kepler  proved  to  exitit  in  the  planetary  imiverse.  Man 
discovered,  and  continueB  every  Lour  to  di&cover,  'ihat  remains  nnchan^d 
in  chemical  evolution,  and  hoii'  chunRea  lo-ke  plate  in  oombinationa  of  the 
unchangeable.  He  has  learned  to  predict,  not  only  what  possible  combina- 
tions may  take  pines,  but  also  the  very  existence  of  atoms  of  imknown  elemen- 
tary Bubatancos,  and  has  besides  succeeded  in  making  innumerable  practical 
Applications  of  his  knowle<lf;e  to  the  great  adrauta^e  of  his  race,  and  has 
accomplished  this  notwtlh standing  that  notions  of  sympathy  and  aftinity 
still  preserve  a  strong  vitality  in  science.  At  present  we  cannot  apply 
Newton's  principles  to  chemistry,  because  the  soil  is  only  lielng  now  prepared. 
The  invisible  world  of  chemical  atoms  is  still  waiting  for  the  creator  of  che- 
mical mecbnoiw.  For  him  our  age  is  collecting  a  mass  of  materials,  the 
inductions  of  wall-digested  facts,  and  many-sided  inferences  similar  to  thoBe 
which  existed  for  AstronoDiy  and  Mechanics  in  the  days  of  Newton.  It  is 
well  also  to  remember  that  Newton  devoted  mnch  time  to  chemical  experi- 
ments, and  while  considering  questions  of  celestial  mechanics,  persistently 
kept  in  view  the  mutual  action  of  those  infinitely  small  worlds  which  are 
concerned  in  chemical  evolution*:.  For  this  reason,  and  also  to  maintain  the 
iiiiity  of  laws,  it  seems  to  me  that  we  must,  in  the  first  instance,  seek  (o 
taanuonise  the  various  phases  of  contemporary  chemical  theories  with  the 
immortal  principles  of  the  Newtonian  natural  j)hil0Bophy,  and  so  hasten  tlie 
advent  of  true  chemical  mechanics.  Let  tbe  above  considerations  serve  as 
mj  justification  for  the  attempt  which  I  propose  to  tatilte  to  act  afi  a  champion 
of  the  universality  of  the  Newtoninn  principles,  which  I  believe  are  com- 
petent to  embrace  every  phenomenon  in  the  universe,  from  the  rotation  of 
the  fixed  stars  to  the  interchanges  of  chemical  atoms. 

In  the  first  place  I  consider  it  indispensable  to  bear  in  mind  that,  up  to 
quite  recent  limes,  only  a  one-sided  affinity  has  been  recognised  in  chemical 
reactions.  Thus,  for  example,  from  the  oircitmstance  that  red-hot  iron  de- 
composes water  with  the  evolution  of  hydrogen,  it  was  concluded  that  oxygen 
had  a  greater  affinity  for  iron  than  for  hydrogen.  But  hydrogen,  in  presence 
of  red-hot  iron  scale,  appropriates  its  oxygen  and  forms  water,  whenue  an 
exactly  opposite  conclusion  may  be  formed. 

During  the  last  ten  years  a  gradual,  scarcely  perceptible,  but  most 
important  change  has  taken  place  in  the  views,  and  consequently  in  the 
researches,  of  chemists.  They  have  sought  everywhere,  and  have  always 
found,  systems  of  conservation  or  dynamic  equilibrium  substantially  similar 
to  those  which  natural  philosophers  have  long  since  discovered  in  tlie  visible 
world,  and  in  virtue  of  which  the  position  of  the  heavenly  bodies  in  the 
nniverse  is  determined.  There  where  one-aidod  affinities  only  were  at  first 
detected,  not  only  secondary  or  lateral  ones  have  been  found,  but  even  those 
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which  Hra  diametricallj' oppoBiti ;  yet  among  these,  djTiamieal  ei|iiilii>niim 
eetablisheH  itself  not  by  excluilina  one  or  other  of  the  forces,  hut  regulniine 
them  nil.  So  the  chemist  find?  in  the  flame  of  the  blast  furnace,  in  tbf 
formation  of  every  salt,  and,  with  especial  cleBmesK,  in  double  lults  and  m 
the  eryataUlBation  of  aohitinna,  not  a  fight  ending  in  the  victory  of  onesiilf. 
as  used  to  be  supposed,  but  the  conjunction  of  forces ;  the  peace  of  dynamir 
eiiuilihriuKi  resultinR  from  the  action  of  many  forces  and  affinities.  Csr- 
bonuceoua  mattera,  for  eniimplc,  burn  at  the  expense  of  the  oxygen  nf  the 
air.  yielding  a  quantity  of  hea',  and  forming  products  of  combaglioQ,  in 
which  it  was  thought  that  the  alliuities  of  the  oxygen  with  the  combnitiUe 
elements  were  satisfied.  But  it  a|>peared  that  the  heat  of  comhastion  vts 
competent  to  decompose  thii^o  products,  to  dissociate  the  oxygen  Ihiio  tl» 
combustible  elements,  and  therefore  to  explain  combuBtion  fnlly  it  is  n< 
sary  to  take  into  account  the  equilibrium  between  opposite  reactions.  [>«■ 
tween  those  which  evolve  and  those  which  absorb  heal. 

In  the  same  way,  in  the  ease  of  the  solution  of  common  salt  in  water,  it 
is  necessury  to  take  into  aoconnt,  on  the  one  hand,  the  formation  of  compniud 
jiarticles  generated  by  the  combination  of  salt  with  water,  and,  on  the  other, , 
the  disintegration  or  scattering  of  tile  new  particles  formird,  as  well  > 
those  originally  contained.  At  present  we  find  two  currents  of  tbon^tt 
apparently  antajromstic  to  each  other,  dominating  the  study  of  solutionis 
according  to  the  one.  solution  seems  a  mere  act  of  building  np  or  association  j 
accorJiug  to  the  other,  it  is  only  dissociation  or  disintegration.  The  imlh 
lies,  evidently,  between  these  views ;  it  lies,  as  I  have  endeavoured  to  prav* 
by  my  investigations  into  aqueons  solutions,  in  the  dynamic  equilibrium  of 
particles  tending  to  combine  and  aUo  to  fall  asunder.  The  large  ninjori 
chemical  reactions  which  appeared  to  act  victoriously  along  one  line  baiS 
been  proved  cftpahle  of  acting  as  victoriously  eien  along  an  exactly  uppnsita 
line.  Elements  which  nttcriy  decline  to  combine  directly  may  often  b* 
formed  into  comparatively  stable  compounds  by  indirect  means,  as,  for  ex- 
ample, in  the  case  of  chlorine  and  carbon ;  and  consequently  the  syiupatllieti 
and  antipathies  which  it  was  thought  to  transfer  from  human  relations  Id 
those  of  atoms  should  be  laid  aside  until  the  mechanism  of  chemical  rdvi 
tions  is  explained.  Lei  us  remember,  however,  that  chlorine,  which  doe»  not 
form  with  farbon  the  chloride  of  carbon,  is  strongly  absorbed,  or.  as  it  wera,i 
diasolved,  by  carbon,  which  leads  us  to  suspect  incipient  chemical  action  eitn  i 
in  an  tuternol  and  purely  surface  contact,  and  invohmtarily  gives  ria 
ccnceptions  of  that  uiiitv  of  tliu  forces  of  nature  which  has  been  fo  ouctsb- 
tically  insisted  on  by  Bir  William  Grove  and  formulated  in  his  CuaoaM 
paradox.  Grove  noticed  Ihat  platinum,  when  flised  in  the  oiyhydroBsH  ■ 
flame,  during  which  operation  water  is  formed,  when  Bllowed  to  drop  into' 
water  decomposes  the  latter  and  produces  the  explosive  oxyliydrngen  mixlnrb 
The  explanation  of  this  paradox,  as  of  many  others  which  arose  during  tl 
period  of  chemical  renaissance,  has  led,  in  our  limp,  to  the  promnlgatiun  bj" 
Henri  Suiute-Claire  Beville  of  the  conception  of  dissociation  and  of  equ!^ 
brinm.  and  has  recalled  the  teaching  of  BerthoUet,  which,  notwithstanding  itt  • 
brilliant  confirmation  by  Heinrich  Roso  and  Dr.  Gladstone,  had  not.  np  Vt. 
that  period,  been  included  in  ticcived  chemical  views. 
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Chemical  fqnilibrium  in  general,  and  disBOciation  in  paitieul&r,  are  now 
being  so  fully  worked  out  in  detail,  and  applied  in  such  various  ways,  that  I 
do  nut  allude  to  them  to  develop,  but:  uuly  use  them  as  examples  bj  which 
to  indicate  the  correctncBs  of  a  tendency  to  regard  chemionl  eombinations 
from  points  of  view  differing  &om  those  espreased  hy  the  term  hitherto  ap- 
propriuted  to  deliue  chemical  forces,  namely,  'alSuity.'  Chemical  equilibria, 
iliHsociation,  the  speed  of  chemica]  reactions,  thermochemistry,  spectroEcopy, 
and,  more  than  all,  the  determination  of  the  influence  of  magses  and  the 
search  for  a  connection  between  the  properties  and  weights  of  atoms  and 
molecules— in  one  word,  the  vast  mass  of  the  most  important  chemical  re- 
searches of  the  present  day — clearly  indicates  the  near  approach  of  the  tinie 
when  chemical  doctrines  will  submit  fully  and  completely  to  the  doctrine 
which  was  lirst  announced  in  the  I'rincipia  of  Newton. 

In  order  that  the  apphcation  of  these  principles  moy  bear  fruit  it  is  evi- 
dently insufficient  to  assume  thai  statical  equilibrium  reigns  alone  in  chemical 
systems  or  chemical  molecules :  it  is  necessary  to  grasp  the  conditions  of 
poBsilile  states  of  dynamical  equilibria,  aud  to  apply  to  them  kinetic  priti- 
ciples.  Numerous  considerations  compel  us  to  renounce  the  idea  of  statical 
equilibrium  in  molecules,  and  the  recent  yet  strongly-Giipported  appeals  to 
dj'namic  principles  conetituie,  in  my  opinion,  the  foundation  of  the  modern 
teaching  relating  to  atomicity,  or  the  valency  of  the  elements,  which  usually 
forms  the  basis  of  in ves ligations  into  organic  or  carbon  compounds. 

This  teaching  has  led  to  brilHant  explanations  of  very  many  chemical 
relations  and  to  cases  of  isomerism,  or  the  diflerence  in  the  properties  of 
substances  having  the  some  composition.  It  hae  been  so  fruitful  in  its  many 
applications  and  in  the  foreshadowing  of  remote  consequences,  especially 
respecting  carbon  compounds,  tliat  it  is  impossible  to  deny  its  claims  to,  ha 
ranked  as  a  great  achievement  of  chemical  ectonce.  Its  practical  application 
to  the  synthesis  of  many  eubstances  of  tlie  most  compUcated  composition 
entering  into  the  structure  of  organisecl  bodies,  and  to  the  creation  of  on  un- 
limited number  of  carbon  compounds,  among  which  the  colours  derived  from 
ooal  tar  stand  prominently  forward,  surpass  the  synthetical  powers  of  Nature 
itself.  Yet  this  teaching,  as  applied  to  tlie  structure  of  carbon  compounds, 
is  not  nn  the  tace  of  it  directly  applicable  to  tbe  investigation  of  other  ele- 
ments, because  in  examining  the  lirst  it  is  possihle  to  assiune  that  the  atoma 
of  carbon  have  always  a  definite  and  e^iual  number  of  affinities,  whilst  in  the 
eombinations  of  ether  elements  this  is  evidently  inadmissible.  Thus,  for 
example,  an  atom  of  carbon  yields  only  one  compound  with  four  atoms  of 
hydrogen  and  one  with  four  atoms  of  ciilorine  in  the  molecule,  whilst  the 
atoms  of  chlorine  and  hydrogen  unite  only  in  the  proportions  of  one  to  one. 
Simplicity  is  here  evident,  and  forms  a  point  of  departure  from  which  it  is 
easy  to  move  forward  with  firm  and  secure  tread.  Other  elements  ore  of  a 
different  nature.  Phosphorus  imites  with  three  and  with  five  atoms  of 
chlorine,  and  consequently  the  simplicity  and  sharpness  of  the  apphcation  of 
stnictnral  conceptions  are  lost.  Sulphur  unites  only  with  two  atoms  of 
hydrogen,  but  with  oiygen  it  enters  in  to  hifiher  orders  of  combination.  The 
periodic  relationafaip  which  exists  among  all  the  properties  of  the  elements — 
such,  for  example,  as  their  abililiy  to  enter  into  vorioos  oombiaations — uul 
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their  atomic  weights,  indicate  that  this  variation  in  atomicity  is  sabject  to 
one  i>crfectly  exact  and  general  law,  and  it  is  only  carbon  and  its  near 
analogues  which  constitute  cases  of  permanently  preserved  atomicity.  It  ii 
ini|K>ssible  to  recognise  as  constant  and  fundamental  properties  of  atomi, 
jHiwers  which,  in  substance,  have  proved  to  be  variable.  But  by  abandoning 
the  idea  of  permanence,  and  of  the  constant  saturation  of  affinities — ^that  is 
to  say,  by  acknowledging  the  possibility  of  free  affinities — many  retain  a 
compix^bension  of  the  atomicity  of  the  elements  'under  given  conditioDB*; 
and  on  this  frail  foundation  they  build  up  structures  composed  of  chemieal 
molecules,  evidently  only  because  the  conception  of  manifold  affinities  gives, 
at  once,  a  simple  statical  method  of  estimating  the  composition  of  the  most 
complicated  molecules. 

I  shall  enter  neither  into  details,  nor  into  the  various  consequences  follow- 
ing from  these  views,  nor  into  the  disputes  which  have  sprung  up  reelecting 
them  ^and  relating  especially  to  the  number  of  isomerides  possible  on  the 
assumption  of  free  affinities),  because  the  foundation  or  origin  of  theories  d 
this  nature  suffers  from  the  radical  defect  of  being  in  opposition  todynamies. 
The  molecule,  as  even  Laurent  expressed  himself,  is  represented  as  an  arehi* 
lectiural  structure,  the  style  of  which  is  determined  by  the   fnndameotal 
arran^rement  of  a  few  atoms,  w  hilst  the  decorative  details,  which  are  capable 
of  bt'ir.^  \~aneil  by  the  same  forces,  are  formed  by  the  elements  entering  into 
the  combination.   It  is  on  this  account  that  the  term  *■  stmctural'  is  so  appro- 
priate to  the  contemporary  views  of  the  above  order,  and  that  the  *■  stroc- 
tun\'ists  *  seek  to  justify  the  tetrahedric,  plane,  or  prismatic  disposiiioo  of 
the  atoms  of  carbon  in  benzene.     It  is  evident  that  the  consideration  relates 
to  the  statical  poisition  of  atoms  and  molecules  and  not  to  their  kinetic  rela- 
tions.    The  at^vms  of  the  structural  tx-pe  are  like  the  lifeless  pieces  on  a  eheas 
Ix^ard  :  they  aiv  endowed  but  nith  the  voices  of  living  beings,  and  are  not 
thi^s^  living  Win^  themsielves :  actin^:.  indee^l.  according  to  laws,  yet  emth. 
IKvssess^'d  of  a  store  of  energy  which,  in  the  present  state  of  our  knowledge, 
must  be  tJikeu  into  account. 

In  the  days  of  Hady.  crystals  were  considered  in  the  same  statical  and 
structure  liirht.  but  modem  crystallv^graphers.  having  become  nn^e  tho- 
rv-nghly  acvjuair.iel  with  their  phx-sical  pivperties  and  their  actual  formatum, 
have  abandv^ned  the  earlier  views,  and  have  made  their  doctrines  d^oident 
on  dynamics 

The  iuinie\lia:e  object  of  this  lecinre  is  to  show  that,  starting  with 
Newton's  third  law  of  motion,  it  is  jvtssiKe  to  preserve  to  chexnistry  aD  the 
advantace^  arisini;  frvuu  structural  teachini:.  without  bein?  obliged  to  Imild 
rp  ns.-'leculeis  in  solid  and  motionless  d^r:ir>c^  or  to  ascriKe  to  at«Miis  definite 
limited  valeriv*ie?5w  dirtections  of  cohesion,  ci*  af^niiies.  The  wide  extent  of 
the  s:ub;ect  ot-^i^^es  me  to  tneat  only  a  small  {v^rtis-n  of  it.  nanxly  d  sulmiiim' 
t.^-'%4,  ^itho:;it  specially  considering  cvxubinaiicoss  aad  decoiiipoaitioits.»  and 
evxn  tlw-n  limitinc  mys*lf  to  the  simples;  examples,  which,  boweiei.  will 
thrx>w  oTvr.  ivr\>sr»rcts  embracinir  all  the  namral  ompCeiity  of  cbeoiical  xela- 
ti*>r.s.  For  this  rwkJvMi.  if  it  should  prove  jv>5ssitvje  to  icom  grvopis  similar,  fcr 
evair.jve.  to  H,  or  CH^  as  the  I>^mnants  of  niouec^iles  CH^  or  C*H-  w«  diall 
not  pa:£sae  to  coosader  tbeak  becaasie.  as  £ir  a$  w«  know,  tbey  &fl 
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two  parts,  H,  +  Blj  or  CH,  +  H,.  as  soon  as  the^  arc  even  temporarily  formed, 
and  are  capable  of  eeparate  eKiatoDce,  oud  tberufoi'e  can  take  do  part  in  tlin 
elementary  act  of  BiibBlilution.  With  reapeot  to  the  Btmplest  moleculeg 
which  we  shall  select — -that  is  to  say,  those  of  which  the  parts  have  no  sepa- 
rate  eiiatenoe,  and  therefore  camiot  appear  iu  subBtitutions — we  shall  ciin- 
■ider  them  according  to  the  periodic  law,  arranging  them  in  direct  dependence 
on  the  atomic  weight  of  Che  elements. 

Thus,  for  example,  the  molecules  of  the  simplest  hydrogen  compounds  — 
HF  H,0  H,N  H,C 

hjiJraBunric  acid  water  anuaonia  metJiSiiie 


correspond  with  elements  the  atomic  weights  of  which  decrease 
F  =  19.         0  =  16,         N-14,  C-I2. 

Neither  the  aritlmietical  order  (I,  2,  3,  4  atoms  of  hydrogen)  nor  the  total 
information  we  possess  respecting  the  elements  will  permit  us  to  interpolate 
into  this  topical  series  one  more  additional  element ;  and  therefore  we  have 
hare,  for  hydrogen  compounds,  a  natural  bnse  on  which  ore  built  up  thoss 
simple  chemical  combinations  which  we  take  as  typical.  Bot  eveu  they  oca 
competent  to  nnite  with  each  other,  as  wo  see,  for  instance,  in  the  property 
which  hydrofluoric  acid  has  of  formiug  a  hydrate— that  is,  of  combining  with 
water  :  and  the  similar  atCributo  of  ammonia,  resulting  in  the  formation  of  a 
caustic  alkali,  NH„a,0,  or  NH.OH. 

Having  made  these  indispensable  preliminary  observatiDns,  I  may  now 
attack  the  problem  itself  and  attempt  to  explain  the  so'called  structure,  or 
rather  construction,  of  molecules — that  is  to  say,  their  constitution  and  trans- 
formations— without  having  recourse  to  the  teaching  of '  structuralists,'  but  on 
Newton's  dynamical  principles. 

Of  Newton's  three  laws  of  motion,  only  the  third  can  be  applied  directly 
to  chemical  molecules  when  regarded  as  systems  of  atoms  among  which  it 
must  be  supposed  that  there  exist  common  influences  or  forces,  and  resulting 
compounded  relative  motions.  Chemical  reactions  of  every  kind  are  un- 
doubtedly accomplished  by  changes  in  these  internal  movements,  respecting 
the  natiire  of  which  nothing  is  known  at  present,  but  the  existence  of  which 
the  mass  of  evidence  collected  in  modern  times  forces  us  to  acknowledge  as 
forming  part  of  the  common  motion  of  the  universe,  and  as  a  fact  further 
established  by  the  circumstance  that  chemieal  reactions  are  always  charao- 
terised  by  changes  of  volume  or  the  relations  between  the  atoms  or  the 
moleculeR.  Newton's  third  law,  which  is  applicable  to  every  system,  declares 
that, 'action  is  always  associated  with  reaction,  and  is  eqnal  to  it.'  The 
brevity  ami  concitenees  of  this  axiom  was,  liowever,  qualified  by  Newton  in 
a  more  expanded  statement,  >  the  aotion  of  bodies  one  upon  another  are 
always  eqnol,  and  in  opposite  directions.'  This  simple  fact  constitutes  th» 
point  of  departure  for  explaining  dynamic  ecjuilifarium^that  is  to  say,  systems 
of  conservaocy,  It  is  capable  of  satisfying  even  the  dualists,  and  of  explain' 
ing,  without  additional  assumptions,  the  preservation  of  those  chemical  types 
which  Dumas,  Laurent,  and  Gephardt  created  unit  types,  and  those  views  of 
«touia  combinatuins  which  the  struotandiets  expreae  by  atomicity  or  the 
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valency  of  the  elements,  and,  in  connection  with  them,  the  varionB  nomben 
of  aAinitics.     In  reality,  if  a  system  of  atoms  or  a  molecnle  be  given,  then  in 
it,  according  to  the  third  law  of  Newton,  each  portion  of  atoms  acts  on  the 
roninining  portion  in  the  same  manner,  and  with  the  same  force  as  the 
second  set  of  atoms  acts  on  the  first.     We  infer  directly  from  this  considen* 
tion  that  both  sets  of  atoms,  forming  a  molecule,  are  not  only  equivalent  with 
regard  to  themselves,  as  they  must  be  according  to  Dalton's  law,  but  also  thit 
they  may.  if  united,  replace  each  other.     Let  there  be  a  molecnle  containing 
atoms  A  B  C,  it  is  clear  that,  according  to  Xewton*s  law,  the  action  of  A  on 
B  C  must  be  equal  to  the  action  of  B  C  on  A,  and  if  the  first  action  is  directed 
on  B  C,  then  the  second  must  be  directed  on  A,  and  consequently  then,  where 
A  can  exist  in  dynamic  equilibrium,  B  C  may  take  its  place  and  act  in  a  like 
manner.     In  the  sa^me  way  the  action  of  C  is  equal  to  the  action  of  A  B.  In 
one  word  every  two  sets  of  atoms  forming  a  molecule  are  equivalent  to  each 
other,  and  may  take  each  other's  place  in  other  molecoles,  or,  having  the 
power  of  balancing  each  other,  the  atoms  or  their  complements  are  endowed 
with  the  power  of  replacing  each  other.     Let  us  call  this  consequence  of  an 
evident  axiom  *  the  principle  of  substitution,'  and  let  us  apply  it  to  those  typietl 
forms  of  hydrogen  compounds  which  we  have  already  discussed,  and  which, 
on  account  of  their  simphcity  and  regularity,  have  served  as  starting-points 
of  chemical  argument  long  before  the  appearance  of  the  doctrine  of  stmctnre. 

In  the  type  of  hydrofluoric  acid,  HF,  or  in  systems  of  doable  stars,  are 
included  a  multitude  of  the  simplest  molecules.  It  will  be  sufficient  for  our 
purpose  to  recall  a  few  :  for  example,  the  molecules  of  chlorine,  Cl^  and  of 
hydrogen,  H.^,  and  hydrochloric  acid,  HCl,  which  is  familiar  to  all  in  aqueous 
solution  as  spirits  of  salt,  and  which  has  many  points  of  resemblance  with  HF, 
HBr,  HI.  In  these  cases  division  into  two  parts  can  only  be  made  in  onA 
way,  and  therefore  the  principle  of  substitution  renders  it  probable  that 
exchanges  between  the  chlorine  and  the  hydrogen  can  take  place,  if  they  are 
competent  to  unite  with  each  other.  There  was  a  time  when  no  chemist 
would  even  admit  the  idea  of  any  such  action  ;  it  was  then  thought  that  the 
power  of  combination  indicated  a  polar  difference  of  the  molecules  in  com* 
bination,  and  this  thought  set  aside  all  idea  of  the  substitution  of  one  com- 
poneni  element  by  another. 

Thanks  to  the  obserN-ations  and  experiments  of  Dumas  and  Lanrent  fifty 
years  ago,  such  fallacies  were  dispelled,  and  in  this  manner,  the  principle 
of  substitution  "was  exhibited.  Chlorine  and  bromine  acting  on  many 
hydn^gen  compounds,  occupy  immediately  the  place  of  their  hydrogen,  and 
the  displaced  hydrogen,  with  another  atom  of  chlorine  or  bromine,  forms 
hydriH'hlonc  acid  or  bromide  of  hydrogen.  This  takes  place  in  all  typical 
lixdrv^gen  compounds.  Thus  chlorine  acts  on  this  principle  on  f^aseons 
hydrv^gen — reaction,  under  the  influence  of  light,  resulting  in  the  formation 
of  hydi-ochloric  acid.  Chlorine  acting  on  the  alkalis,  constituted  similarly  to 
water,  and  even  on  water  itself — only,  however,  imder  the  influence  of  li^ 
and  only  partially  because  of  the  instabihty  of  HCIO — forms  by  this  principle 
bloaohing  salts,  which  are  the  same  as  the  alkalis,  but  with  their  hydrogen 
vt'plaood  by  chlorine.  In  ammonia  and  in  methane,  chlorine  can  also  replace 
lh0  hydn.>gen«     From  ammonia  is  formed  in  this  manner  the  so-called 
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chloride  of  nitrogen,  NClj,  which  decomposes  verj  roaMy  with  violent  explo- 
iion  on  aeootint  of  the  evolved  gaBtis.  and  falls  asunder  as  chlorine  ojid 
nitrogen.  Out  of  marsh  gas,  or  methano,  CH,  may  be  obtained  consecti- 
tively,  by  this  luothodi  every  possible  substitution,  of  nhich  cbloroform, 
CHCI3,  is  the  beBl  known,  and  carbon  tetrachloride,  CCl  ,  the  moat  inalnio- 
live.  But  by  virtue  of  the  fact  that  chlorine  and  bromme  act,  in  the  manner 
shown,  on  the  simplest  typical  hydrogen  compounds,  their  action  on  the 
more  comphcatad  ones  may  be  aasumed  to  be  the  same.  This  can  be  easily 
demonstrated.  The  hydrogen  of  benzene,  C^H,,  reacts  feebly  under  the  infln- 
snce  of  light  on  liquid  bromine,  hut  Guatavaon  hns  shown  that  the  addition 
of  the  smallest  quantity  of  metallic  aluminium  causes  energetic  action  and 
the  evolution  oflarj^e  volumes  of  hydrogen  bromide. 

If  we  pass  on  to  the  second  tyjiical  hydrogen  compound — that  is  to  say, 
water— its  molecule,  HOH,  may  be  split  up  in  two  ways :  either  into  an  atom 
of  hydrogen  and  a  seraimolecule  of  hydrogen  peroxide,  HO,  or  into  oiy^en, 
O,  and  two  atoms  of  hydro^n,  H ;  and  theTefore,  according  to  the  principle 
of  substitution,  it  is  evident  that  one  atom  of  hydrogen  can  exchange  with 
hydrogen  oxide,  HO,  and  two  atoms  of  hydrogen,  H,  with  one  atom  of 
Mj-gen,  O. 

Both  theee  forms  of  substitution  will  coiiatitnte  methods  of  oxidation— 
that  is  to  aay,  of  the  entrance  of  oiygen  into  the  compound — a  reaction 
which  is  so  common  in  nature  as  well  as  in  the  arts,  taking  place  at  the 
expense  of  the  oxygen  of  the  air  or  by  the  aid  of  various  nvidising  sub- 
stances or  bodies  which  part  easily  with  th-eir  oxygen.  There  is  no  occasion 
to  reckon  np  the  unlimited  number  of  casoa  of  such  oxidising  reactions.  It 
is  snfflcient  to  state  that  in  the  first  of  theae  oxygen  ia  directly  transferred, 
and  the  position,  the  chemical  function,  which  hydrogen  originally  occupied 
is,  after  the  substitution,  occupied  by  the  hydroxyl.  Thus  ammonia,  UHj, 
yields  hydroxylamine,  HU.j(OH),  a  Eubstunce  which  retains  many  of  the 
properties  of  ammonia. 

Methane  and  a  nnmber  of  other  hydrocarhona  yield,  by  substitution  of 
the  hydrogen  by  itsoxide,  methyl  alcohol,  CHj(OH),  and  other  alcohols.  The 
snbBtitution  of  one  atom  of  oxygen  for  two  atoms  of  hj'drogen  is  equally 
common  with  hydrogen  compounds.  By  this  means  alcoholic  liquids  con- 
taining ethyl  alcohol,  or  spirits  of  wine,  C.,H;^{OH),  are  oxidised  until  they 
become  vine^^r  or  acetic  acid,  C,,H,0(aH).  In  the  aame  way  causlio 
ammonia,  or  the  combination  of  ammonia  with  water,  SHj.HjG,  or  NHj{OH), 
which  contains  a  great  deal  of  hydrogen,  by  oxidation  exchanges  four  atoms 
of  hydrogen  for  two  atoms  of  oxygen,  and  becomes  converted  into  nitric  acid. 
NO,(OH.).  This  process  of  conversion  of  ammonium  salts  into  saltpetre  goea 
on  in  the  fields  every  summer,  and  with  especial  rapidity  in  tropical  countries, 
The  method  by  which  this  is  accomplished,  though  complex,  though  involving 
the  agency  of  all-permoating  micro -organisms,  ia,  in  substance,  the  same  as 
that  by  which  alcohol  is  converted  into  acetic  acid,  or  glycol,  CjH,(OH),,  into 
oxalic  acid,  if  we  view  the  process  of  oxidation  in  the  Ught  of  the  Newtoniao 
principles. 

But  while  speaking  of  the  application  of  the  principle  of  substitution  to 
yiAlet,  we  need  not  mtiltiply  instances,  hut  must  turn  our  attention  to  twt^ 
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special  circumstances  which  are  closely  connected  with  the  very  mechanism 
of  substitutions. 

In  the  Urst  place,  the  replacement  of  two  atoms  of  hydrogen  by  one  atom 
of  oxygen  may  take  place  in  two  ways,  because  the  hydrogen  molecule  is 
composed  of  two  atoms,  and  therefore,  under  the  influence  of  oxygen,  the 
molecule  forming  water  may  separate  before  the  oxygen  has  time  to  take  its 
place.  It  is  for  this  reason  that  we  find,  during  the  conversion  of  alcohol 
into  acetic  acid,  that  there  is  an  interval  during  which  is  formed  aldehyde, 
CjH^O,  which,  as  its  very  name  implies,  is  *  alcohol  dehydrogenakun,*  oi 
alcohol  deprived  of  hydrogen.  Hence  aldehyde  combined  with  hydrogen 
yields  alcohol ;  and  united  to  oxygen,  acetic  acid. 

For  the  same  reason  there  should  be,  and  there  actually  are,  intermedial 
products  between  ammonia  and  nitric  acid,  NO^lHO),  containing  either  less 
hydrogen  than  ammonia,  less  oxygen  than  nitric  acid,  or  less  water  thm 
caustic  ammonia.    Accordingly  we  find,  among  the  products  of  the  deoxida- 
tion  of  nitric  acid  and  the  oxidation  of  ammonia,  not  only  hydroxylamine, 
but  also  nitrous  oxide,  nitrous  and  nitric  anhydrides.     Thus,  the  production 
of  nitrous  acid  results  from  the  removal  of  two  atoms  of  hydrogen  from 
caustic   ammonia   and   the   substitution   of  the  oxygen   for  the  hydrogen, 
NO(OH) ;  or  by  the  substitution,  in  ammonia,  of  three  atoms  of  hydrogen  by 
hydroxyl,  NCOH)^,  and  by  the  removal  of  water:  NCOH), - H^O  =  NO(OH). 
The  peculiarities  and  properties  of  nitrous  acid — as,  for  instance,  its  action  on 
ammonia  and  its  conversion,  by  oxidation,  into  nitric  acid — are  thus  clearly 
revealed. 

On  the  other  hand,  in  speaking  of  the  principle  of  substitution  as  applied 
to  water,  it  is  necessary  to  observe  that  hydrogen  and  hydroxyl,  H  and  OH, 
are  not  only  competent  to  unite,  but  also  to  form  combinations  with  them- 
selves, and  thus  become  H.^  and  H.^O^ ;  and  such  are  hydrogen  and  the 
peroxide  thereof.  In  general,  if  a  molecule  AB  exists,  then  molecules  AA 
and  BB  can  exist  also.  A  direct  reaction  of  this  kind  does  not,  however, 
take  place  in  water,  therefore  undoubtedly,  at  the  moment  of  formation, 
hydrogen  reacts  on  hydrogen  peroxide,  as  we  can  show  at  once  by 
experiment ;  and  further  because  hydrogen  peroxide,  H^O^,  exhibits  a 
structare  containing  a  molecule  of  hydrogen,  H^,  and  one  of  oxygen,  0„ 
either  of  which  is  capable  of  separate  existence.  The  fact,  however,  may 
now  be  taken  as  thoroughly  established,  that,  at  the  moment  of  combustion 
of  hydrogen  or  of  the  hydrogen  compounds,  hydrogen  peroxide  is  always 
formed,  and  not  only  so,  but  in  all  probability  its  formation  invariably  pre- 
cedes the  formation  of  water.  This  was  to  be  expected  as  a  consequence  of 
the  law  of  Avogadro  and  Gerhardt,  which  leads  us  to  expect  this  sequence 
in  the  case  of  equal  interactions  of  volumes  of  vapours  and  gases ;  and  in 
hydrogen  peroxide  we  actually  have  such  equal  volumes  of  the  elementary 
gases. 

The  instability  of  hydrogen  peroxide-  -that  is  to  say,  the  ease  with 
which  it  decomposes  into  water  and  oxygen,  even  at  the  mere  contact  of 
porous  substances — accounts  for  the  circumstance  that  it  does  not  form  a  per- 
manent  product  of  combustion,  and  is  not  produced  during  the  decomposition 
of  water.    I  may  mention  this  additional  consideration  that,  with  respeet 
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to  hydrocen  peronide,  we  may  look  for  its  effecting  still  further  substitu- 

ttons  of  hydrogeu  by  means  of  which   we  may  expecC  to  obtaiu  still 

highly  oiiidiged  water  compoundsi  such  oa  H^O,  and  Hfi, 

Bjaii  BuQsea  have  long  been  seeking,  Bind   tierthelot  is 

at   present.      It   is   jirubablc,  however,  tliul  th< 

last  compound,  because  we  find  that,  in  a,  number  of 

four  atoms  of  oxygen  seems  to  form  a  limit.     Thus,  OsO,,  KCIO,,  KMnO,, 

K,,SOj,  NojPO,,  and  such  like,  represent  the  highest  grades  of  osidution.' 

As  fur  the  last  forty  years,  from  tb«  times  of  Uerzeliua,  Uumas,  Liebig, 
Gerbardt,  Williamson,  Frankland,  Eolbe,  KekuM,  and  Biilleroff,  must  theo- 
retical generalisation  a  have  centred  round  orgauia  or  carbon  compounds,  ao 
we  will,  for  the  sake  of  brevity,  leave  out  the  discussion  of  ammonia  deriva- 
tives, notwithstanding  their  Eimplicily  with  respect  to  the  doctrine  of  Eubsti- 
tutions :  we  will  dwell  more  especially  on  its  application  to  carbon  cumpuuuds, 
starting  from  methane,  CH,,  as  the  simplest  of  the  hydrocarbons,  containing 
in  its  molecule  one  atom  of  carbon.  According  to  the  principles  enumerated 
we  may  derive  from  CH,  every  combination  of  Ihe  form  CH^X,  CU^X., 
CHX.,,  and  CX,,  in  which  X  is  an  element,  or  radicle,  eiiuivolent  to  hydrogen^ 
that  itt  to  say,  competent  to  take  its  place  or  to  combine  with  it.  tSuch  are 
the  chlorine  substitutes  mentioned  already,  such  is  wood-spirit,  CHj(OH),  in 
which  S  is  represented  by  the  residue  of  water,  and  such  are  numerous  other 
carbon  derivatives.  If  we  continue,  with  the  aid  of  bj'droxyl,  further  subeti- 
tiiliuns  uf  the  hydrogen  of  methane  we  shall  obtain  suctessively  CH^(OH),, 
CH(UH)„  and  CtOU),.  But  if,  in  proceeding  thus,  we  bear  in  mind  that 
CH.,(OH).j  contains  two  hydroxyls  in  the  eame  form  as  hydrogen  peroxide, 
HjO,  or  (OH).j,  contains  them — imd  moreover  not  only  in  one  molecule,  but 
ti>gether,  attached  to  one  and  the  same  atom  of  carbon — so  here  we  must 
look  for  the  same  decomposition  as  that  which  wo  find  in  hydrogen  peroxide, 
and  accompanied  also  by  the  formation  of  waler  as  an  independently 
eiisting  molecule ;  therefore  CH.,(OH),  should  yield,  as  it  actually  does,  im- 
mediately water  and  the  oiide  of  methylene,  CH,0,  which  is  methane  with 
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IB  □(  hydrogen  fiever  unite  iriUi  one  atom  ot  the  cle- 
wmpounds  {eg.  HCl,  H,S,  HjP,  HiSi)  alwayB  fonn 
9  of  oxygon,  and  aB  the  higheat  tormB  ol  oiideB  (OeO,, 
ind  eight  gronpa  o[  the  periodic  syitem,  corresponding 
RO,  KaOs,  HOj,  RjOs,  ROj,  R-jU,,  and  R0„  imply  the 
of  the  nearcBl  analogues  among  the  elements — such  aa 
W,  and  U  ;  or  Si,  Qo,  Sn,  and  Pt ;  or  F,  CI,  Br,  and  J, 
r  are  known,  it  seems  to  me  that  in  these  relationships 
aning  vith  regard  to  chemical  mechanics.  But  lucantie, 
unity  dI  design  in  Natnie,  either  acting  in  complox 
molecnlesi  Ib  very  attractive,  eitpecially  bccaQBe  the 
es  its  true  meaning.  I  will  recall  tho  following  tocU  re- 
re  are  eight  major  planets,  ot  which  the  four  inner  onea 
four  outer  by  asteroids,  hut  dilter  from  thiriD  in  Diany 
Bmollnefle  of  their  diameters  and  their  greator  drnsily. 
Ltellitea,  Jupiter  and  Uranus  have  eaoh  four.  It  a  evi- 
also  we  meet  with  the«e  higher  numberB  tour  and  eight 
I  of  chemical  molecoleo. 
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nrrirsn  «=>t!$itnted  for  two  atoms  of  hydrogen.    ExActl j  in  the  same  nuLimer 
ntn  c»i  CH  0H«,  are  formed  water  and  formic  acid.  CHOiOH*,  and  out  of 
C  C'H  ,  2«  pr:-ii2ced  water  and  carbomc  acid,  or  directly  eari>onic  anhydride, 
C'C' ..  whif^*:  will  therefore  be  nothing  else  than  methane  with  the  doable  re* 
Tiiifc?£ir.<--'S  oi  pairs  of  hyJro2:en  by  oxygen.     A5  nothing  leads  to  the  snppoo- 
t).'!.  iVv"  the  fonr  atoms  of  hydrogen  in  methane  differ  one  from  the  other, 
AC*  ii  i:«r5  not  matter  bv  what  means  we  obtain  anv  one  of  the  combinatioiu 
i=fi:^:eii — ihev  i^rill  be  identical ;  that  Ls  to  sav,  there  wiD  be  no  case  of 
aM-iJkl  is'^merisin.  although  there  may  easily  be  such  cases  of  isomerism  u 
ijivc  iKren  distinsmished  bv  the  term  metamensm. 

F.rmic  acid,  for  example,  has  two  atoms  of  hydrogen,  one  attached  to  the 
cirK^n  left  from  the  methane,  and  the  other  attached  to  the  oxygen  wfaieh 
l^ks  entered  in  the  form  of  hydroxyL  and  if  one  of  them  be  replaced  by  some 
<^':-s:acee  X  it  is  e\'ident  that  we  shall  obtain  substances  of  the  same  compod* 
iL*n.  bnt  of  different  constmction.  or  of  different  orders  of  movement  among 
ihc  molecules,  and  therefore  endowed  with  other  properties  and  reactions.  If 
X  be  methyl,  CH^-^that  is  to  say,  a  group  capable  of  replacing  hydrogen 
bt-^aise  it  is  actually  contained  ¥*-ith  hydrogen  in  methane  itself— then  by 
>t:  :  «ti:uting  this  group  for  the  original   hydrogen  we  obtain  acetic  add, 
CCH.O  OH),  out  of  fonjiic,  and  by  substitution  of  the  hydrogen  in  its  oxide  or 
hyiroxvl  we  obtain  methjl  formate,  CHOiOCH^).   These  substances  differ  bo 
much  from  each  other  physically  and  chemically  that  at  first  sight  it  is  hardly 
pc*s^ible  to  admit  that  they  contain  the  same  atoms  in  identically  the  same 
pn>portions.     Acetic  acid,  for  example,  boils  at  a  higher  temperature  than 
water,   and  has  a   higher  s|>ecific  gravity  than  it,  whilst  its  metameride, 
methyl  formate,  is  lighter  than  water,  and  boils  at  30' — that  is  to  say,  it 
evaporates  very  easily. 

Let  us  now  turn  to  carbon  compounds  containing  two  atoms  of  carbon  to 
the  molecule,  as  in  acetic  acid,  end  proceed  to  evolve  them  frt>m  methane  by 
the  principle  of  substitution.  This  principle  declares  at  once  that  methane 
can  only  be  split  up  in  the  four  following  ways : — 

1.  Into  a  group  CH,  equivalent  with  BL  Let  us  call  changes  of  this 
nature  methylation. 

^  Into  a  groap  CR^  ^^^  ^i-  ^Ve  will  call  this  order  of  substitutions 
methylenation. 

8.  Into  CH  and  H3,  which  commutations  we  will  call  acetylenation. 

4.  Into  C  and  H^,  which  may  be  called  carbonation. 

It  is  evident  that  hydrocarbon  compounds  containing  two  atoms  of  carbon 
can  only  proceed  from  methane,  CH^,  which  contains  four  atoms  of  hydrogen 
bv  the  tirst  three  methods  of  substitution  ;  carbonation  would  yield  free  carbon 
if  it  could  take  place  directly,  and  if  the  molecule  of  free  carbon — which  is  in 
n>Ality  very  complex,  that  is  to  say  strongly  polyatomic,  as  I  have  long  since 
Kn'n  proving  by  various  means — could  contain  only  C^  like  the  molecules 
i\%  H..,  Nj,  and  so  on. 

By  methylation  wc  should  e>'idently  obtain  from  marsh  gas,  ethane, 

CU,CH,  =  cX- 

I>v  methylenation — that  is,  by  substituting  group  CH,  for  H, — methane 

l^vnus  ethylene,  CH^CH.,  =  CjH^. 


B.v  EKctylenation— tbtit  is,  by  snbatitutiug  tbree  atoms  of  hydrogen,  H,,  in 
methane— by  tha  remnant  CH,  we  get  acotjlene,  CHCH  =  C,H,. 

If  we  have  applied  the  principles  of  Neuton  correctly,  there  ehould  not  be 
uny  other  hydrocarbons  containing  two  atame  of  carbon  in  the  molecule. 
All  these  combinations  have  long  been  known,  and  in  each  of  them  we  lain 
not  only  produce  those  substitutions  of  which  an  example  has  been  given  in 
the  case  of  methane,  but  alao  all  the  phases  of  other  enbstitutions,  as  we  shall 
find  from  a  few  more  instances,  by  tlie  aid  of  which  I  trust  that  I  shall  be 
able  to  show  the  great  complexity  of  those  derivatives  which,  on  the  principle 
of  substitution,  con  be  obtained  from  each  hydrocarbon.  Lot  ns  content  onr- 
selves  with  the  case  of  ethane,  CHjCH,,  and  the  substitution  of  the  hydrogen 
l>y  hydroiyl.    The  following  are  the  possible  changes : — 

1.  CH,CH^(OH);  this  is  nothing  more  than  spirit  of  wine,  or  ethyl 
alcohol.  C,H,(OH)  or  C,jH„0. 

2.  CH,(dH)CH,(OH) :  this  is  the  glycol  of  Wfirtz,  which  has  shed  so 
much  tight  on  the  history  of  alcohol.  Its  isomeride  may  be  CH,CH(OH)„ 
but  as  we  have  seen  in  the  case  of  CH(OH),,  it  decomposes,  giving  off  water, 
and  forming  aldehyde,  CH,CHO,  a  substance  capable  of  yielding  alcohol  by 
uniting  witli  hydrogen,  and  of  yielding  acetic  acid  by  uniting  with  oxygen. 

If  glyooi,  CH.,{OH)CH.,(OH),  loses  its  water,  it  may  be  seen  at  once  that 
it  will  not  now  yield  aldehyde,  CHjCHO,  but  its  isomeride,  *^H^^',  the 
oxide  of  ethylene.  I  have  hero  indicated  in  a  special  manner  the  oxygen 
which  has  taken  the  place  of  two  atoms  of  the  hydrogen  of  ethane  taken 
from  different  atoms  of  the  carbon. 

8.  CHjC(OH),  decomposed  as  CH(OH)„  forming  water  and  acetic  acid, 
CH,CO(OH).  It  is  evident  that  this  acid  is  sotliing  else  than  formic  acid, 
CHO(OH),  with  its  hydrogen  replaced  hy  methyl.  Without  examining 
further  the  vast  number  of  possible  derivatives,  I  will  direct  your  attention 
to  the  circumstance  that  in  dissolring  acetic  acid  in  water  we  obtain  the 
maximum  contraction  and  the  greatest  viscosity  when  to  the  molecule 
CHjCO(OH)  is  added  a  molecule  of  water,  which  is  the  proportion  which 
would  form  the  hydrate  CH,(;(OH),.  It  is  probable  that  the  doubling  of 
the  molecule  of  acetic  acid  at  temperatures  approacliing  its  boiling-point 
has  some  connection  with  tliia  power  of  uniting  with  one  molecule  of 
water. 

4.  CH,(OH)C(OH),  is  evidently  an  alcoholic  acid,  and  indeed  this  com- 
pound, after  losing  water,  answers  to  glyeolic  acid,  CH:,iOH)CO(OH).  Without 
investigating  all  the  possible  isumeridee,  we  will  note  only  that  the  hydrate 
CH(OH),CHlOH)j  has  the  same  compoaition  as  CH,j(OH)C(OH)a,  and 
although  corresponding  to  glycol,  and  being  a  symmetncftl  Bubstanoo,  it 
becomes,  on  parting  with  ils  water,  the  aldehyde  of  ojloIic  acid,  or  the  glyoxal 
ofDebtts,  CHOCHO. 

6.  CH(OH),C(OHj),  from  the  tendency  of  all  the  preceding,  corresponds 
with  glyoxylic  acid,  an  aldehyde  acid.  CHOCO(OH),  because  the  group 
CO(OH).  or  corboxyl,  enters  into  the  compositions  of  organic  acida,  and  the 
group  Clio  defines  the  aldehyde  function. 

0.  ClOH)jC(OH)j  through  the  loss  of  2H^0  yields  tbo  bibasio  oxalic  acid 
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Cl>(OIDCO(OID.  which  generally  crystallises  with  2HaO,  following  thus' the 
nitniml  typo  of  hydration  characteristic  of  ethane.^ 

ThuH,  by  applying  the  principle  of  substitution,  we  can,  in  the  simplest 
iutu\ntM\  ilorive  not  only  every  kind  of  hydrocarbon  compound,  such  as  the 
i^lov>ho!s,  the  aldehyde-alcohols,  aldehydes,  alcohol-acids,  and  the  acids,  hot 
alHo  oiMubinations  analogous  to  hydrated  crystals  which  usually  are  dis- 
rt^ganled. 

lUit  oven  those  unsaturated  substances,  of  which  ethylene,  CH^CH^  md 
aoot  vlono,  CHCH,  are  tN'pes,  may  be  evolved  with  equal  simplicity.    With 
rt>H)H>ot  to  the  phenomena  of  isomerism,  there  are  many  possibilities  among 
tho  hydrv>carbon  compounds  containing  two  atoms  of  carbon,  and  without 
g\nng  into  details  it  will  be  sufficient  to  indicate  that  the  following  formube, 
ihoug))  not  identical,  will  be  isomeric  substantiaUy  among  themselves:— 
(Ml.t  HX^  and  CHPCCH^X,  althongh  Wth  contain  C^^X.:  or  CH,CX^  md 
rUXOHX,  although  both  contain  C.R-X,,  if  by  X  we  indicate  chlorine  or 
gtMtonUly  an  element  capable  of  replacing  one  atom  of  hydrogen,  or  capaUe 
of  uniting  with  it.    To  isomerism  of  this  kind  belongs  the  case  of  aldehyde 
ai\d  tho  oxide  of  ethylene,  to  which  we  have  already  referred,  because  both 
havo  tho  oxuupi^tion  C^H^O. 

What  I  have  $aivl  appears  to  me  sufficient  to  show  that  the  pinnei|Je  of 
;j(uWtxuitiv^u  adoquatoly  explains  the  compoksition.  the  isomeriam,  and  aU  the 
divor^ty  v>f  ovnubination  of  the  hydrocarbons,  and  I  shall  limit  the  further 
dovolv^inuout  of  the:!^  views  to  preparing  a  complete  fist  of  everr  pocsihie 
h>\lrvv:Arbv>n  cv>u){K>und  cv'citaining  three  atoms  of  carbon  in  the  molecule. 
Thorv  arv  eight  in  all,  of  which  only  five  are  known  at  present.* 

AiiivHi^  ibotse  jKvsable  foor  C,H^  there  shoald  be  two  isomeridesL  prxTpyleiie 
and  trlr^eshylone,  and  they  are  K>ih  already  known.  For  C^H^  there  should 
bo  thrvt?  t>i>meHdet> :  allyWne  and  aHefte  are  known,  bat  the  third  has  nol 
vet  b^ien  discovered :  acfed  for  C^H>  there  sho^xld  be  two  iscmer&iesL  thoQ^ 


m^    ^'H.'T  M.'i:  low  Ttfiijx  vnx  5a«;  Tttfws^  sJ^vt«  -^caSk^I.   .1:  ::»  tiizw  x>  jMm&js  s&h  iQrsetani. 
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neither  of  them  is  known  m  yet.  Their  composition  anH  Btmctnre  is  easily 
deduced  from  etliare,  ethylene,  and  acetylene,  by  methylation,  hy  methylena- 
tioD.  hy  acet.vlendtion  and  by  carbon nl ion. 

1.  C,H,  -  CH,CHjCH/out  of  CH^CH^  by  methylation.  Tbia  hydro, 
carbon  is  named  propane. 

2.  CjH,  -  CHjCHCHj  out  of  CHjCH^  by  methyle nation.  Tliis  snb. 
stance  is  propylene. 

B.  C;,H,  =  CH,CH,CH,  out  of  CH,CH,  by  methylenation.  This  snb- 
stance  is  trimethylene, 

4.  C,H,  =  CH,CCH  out  of  CHjCHj  b,v  acetylenation  or  from  CHCH  by 
metbylnliun.    Thin  hydrocEirboii  is  named  allylene. 

6.  C,H,  -  ^c^  oi't  of  CHjCH^  by  acetylenation,  or  from  CH^CH,  by 
methylenation,  because    f-jj       =     qtt    ■    This  body  is  as  yet  nnhnown. 

6.  CjH,  =  CII,CCH.i  out  of  CHjCK,  hy  methylenation.  This  hydro- 
carbon  is  named  alien e,  or  iso- allylene. 

7.  Ci,H,  =  ^^^  out  of  CH,CH,  by  symmetrical  carbonation,  or  out  of 
CH.^CH.,  by  acetylenation.    This  compound  is  unknown. 

B.  C,H,  -  ™  out  of  CHjCHj  by  carbonation,  or  out  of  CHCH  by 
methylenation.    This  compound  is  unknown. 

If  we  heal  in  mind  that  for  each  hydrocarbon  Berving  as  a  type  in  the 
above  tables  there  are  a  number  of  eorrecponding  derivatives,  and  that  everj- 
compound  obtained  may,  by  further  methylation,  methylenation,  acetylena- 
tion, and  carbonation,  prodnce  new  hydrooarbons,  and  these  may  be  followed 
by  ft  numerous  suite  of  derivatives  and  an  immenso  number  of  isomeric  sub- 
stanceii,  it  is  possible  to  understand  the  limitless  number  of  carbon  compoonds, 
althonRh  they  all  have  the  one  substance,  methane,  for  their  orijfin.  The 
number  of  substances  is  so  enormous  that  it  is  no  longer  a  question  of 
enlargiiiK  the  possibiiities  of  discovery,  but  rather  of  finding  Bonie  nieuns  of 
testing  them  annloKOos  to  the  well-known  two  which  for  a  long  lime  have 
served  ns  gauges  for  all  carbon  compounds. 

I  refer  to  the  law  of  even  numbers  and  to  that  of  limits,  the  first  enimciated 
by  Oerhardt  siiine  forty  years  ago,  with  respect  to  hydrocarbons,  namely, 
tliac  their  molecules  always  contain  an  even  nnuiber  of  atoms  of  hydrogen. 
But  by  the  method  which  I  have  used  of  deriving  alt  the  hydrocarbons  from 
methane,  CH^,  this  law  may  be  deduced  as  a  direct  corseijuence  of  the 
principle  of  substitutions.  Accordingly,  in  metliylation,  CH,  takes  the  place 
of  H,  and  therefore  CR,  is  added.  In  methylenation  the  numberof  atomsof 
hydrogen  remains  unchanged,  and  at  each  acetylenation  it  is  reduced  by  two, 
and  in  carbonation  by  four,  atome—tliat  is  to  say,  an  even  number  of  atoms 
of  hydrogen  is  always  added  or  removed.  And  because  the  fimdamental 
hydrocarbon,  methane,  CH,,  contains  an  e^en  number  of  atoms  of  hydrogen, 
therefore  all  its  derivative  hydrocarbons  will  also  contain  even  numberB  of 
hydrogen,  and  this  constitutes  the  law  of  oven  numbers. 

The  principle  of  substitiilionB  esplaius  with  equul  simplicity  the  conception 
of  the  limiting  compositions  of  hydrocarbons  C.Hj,^^  which  I  derived,  ia 
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1861,^  in  an  empirical  manner  from  accmunlated  materials  available  at  thit 
time,  and  on  the  basis  of  the  limits  to  combinations  worked  oat  by  Dr.  Frank- 
land  for  other  elements. 

Of  all  the  various  substitutions  the  highest  proportion  of  hydrogen  is 
yielded  by  methylation,  because  in  that  operation  alone  does  the  quantity  of 
hydrogen  increase ;  therefore,  taking  methane  ns  a  point  of  departure,  if  we 
imagine  methylation  effected  (n  -  1)  times  we  obtain  hydrocarbon  componnds 
containing  the  highest  quantities  of  hydrogen.  It  is  evident  thai  they  will 
contain  CH^  +  (n  -  IjCH^,  or  C«H^,+.»,  because  methylation  leads  to  the  addi- 
tion of  CH,  to  the  compound. 

It  will  thus  be  seen  that  by  the  principle  of  substitution — that  is  to  say, 
by  the  third  law  of  Neii-ton— we  are  able  to  deduce,  in  the  simplest  manner, 
not  only  the  individual  composition,  the  isomerism,  and  relations  of  sab- 
stances,  but  also  the  general  laws  which  govern  their  most  complex  combina- 
tions, without  having  recourse  either  to  statical  constructions,  to  the  definition 
of  atomicities,  to  the  exclusion  of  free  affinities,  or  to  the  recognition  of  those 
single,  double,  or  treble  bonds  which  are  so  indispensable  to  structuralists  in  the 
explanation  of  the  composition  and  construction  of  hydrocarbon  compounds. 
And  yet,  by  the  application  of  the  dynamical  principles  of  Newton,  we  can 
attain  to  that  chief  and  fundamental  object,  the  comprehension  of  isomerism 
in  hydrocarbon  compounds,  and  the  forecasting  of  the  existence  of  combina- 
tions as  yet  unknown,  by  which  the  edifice  raised  by  structural  teaching  is 
strengthened  and  supported.     Besides-  and  I  count  this  for  a  •circumstance 
of  special  importance — the  process  which  I  advocate  will  make  no  difference 
in  those  special  cases  which  have  been  already  so  well  worked  out,  such  as, 
for  example,  the  isomerism  of  the  hydrocarbons  and  alcohols,  even  to  the 
extent  of  not  interfering  with  the  nomenclature  which  has  been  adopted,  and 
the   structural   system  will  retain  all  the  glorj-  of  having  worked  up,  in  a 
thoroughly  scientific  manner,  the  store  of  information  which  Gerhardt  had 
accumulated  about  the  middle  of  the  fifties,  and  the  still  higher  glor\'  of 
establishing  the  rational  s^-nthesis  of  organic  substances.    Nothing  wiU  be 
lost  to  the  structural  doctrine  except  its  statical  origin ;  and  as  soon  as  it 
will  embrace  the  dynamic  principles  of  Newton,  and  suffer  itself  to  be  guided 
by  them,  I  believe  that  we  shall  attain  for  chemistry  that  unity  of  principle 
which  is  now  wanting.     Many  an  adept  will  be  attracted  to  that  brilliant  and 
fascinating  enterprise,  the  penetration  into  the  imseen  world  of  the  kinetic 
relations  of  atoms,  to  the  study  of  which  the  last  twenty-five  years  have  con- 
tributed so  much  labour  and  such  high  inventive  faculties. 

D'Aleinbert  found  in  mechanics  tliat  if  inertia  be  taken  to  represent  force, 
d^-namic  equations  may  be  applied  to  statical  questions,  which  are  thereby 
rendered  more  sunple  and  more  easily  understood. 

The  structural  doctrine  in  chemistry  has  unconsciously  followed  the  same 
course,  and  therefore  its  terms  are  easily  adoj)ted ;  they  may  retain  their 

present  forms  provided  that  a  truly  dynamical — that  is  to  say,  Newtonian 

meaning  be  ascribed  to  them. 

Before  finishing  my  task  and  demonstrating  the  possibility  of  adapting 

*  '  Essai  d'une  the'orie  Bur  les  limites  dee  combinaiBons  organiqnes,'  parD.  Mendeleeff 
2/11  aofit  1861,  Bulletin  de  VAcadimie  i.  d.  Sc.  de  St.  Piterthourg^  t  v. 
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Urnetnral  doctriitea  to  the  dynamics  uf  Newl 

to  touuh  on  one  question  which  natnrolly  a 

diaciused  more  than  once.    If  bromine,  the  atom  of  which  is  eighty  times 

heavier  tlion  thai  of  hydro^sen,  takes  the  place  of  hydrogen,  it  would  seem 

that  the  whole  ajslem  of  dynamic  equilibriuni  must  be  destroyed. 

Without  entering  into  the  minute  aua-lysis  of  this  qucstioii.  I  thluli  it 
will  be  stitBcient  to  examine  it  l>y  the  li^hl  of  two  well-knonii  phennoienai 
one  of  which  will  be  found  in  the  departm&nt  of  chemistry  and  the  other  in 
that  of  c^leetial  meohamtH.  lind  both  will  serve  to  demoUBtrate  the  existence 
of  that  unity  iu  the  plan  of  creation  which  is  a  consequence  of  the  Newtonian 
doctrines.  Experiments  demonstrate  that  when  a  heavy  element  is  aubsti- 
tnted  for  a  light  one  in  a  chemical  compound — for  example,  for  luagnosium, 
in  the  oiide  of  that  metal,  an  atom  of  mercury,  whicfi  is  8^  times  heavier — 
the  chief  chemical  characteristics  or  properties  are  generally,  though  not 
always,  preserved. 

The  eubstitntion  of  silver  for  hydrogen,  than  which  it  is  108  tiiue.^  heavier, 
does  not  affect  all  the  properties  of  the  substance,  tliough  it  doea  some. 
Therefore  chemical  substitutions  of  this  kind— the  substitution  of  light  for 
benvy  atoms — need  not  necessarily  entail  ctmngea  in  the  oriffinal  equilibrium ; 
and  this  point  is  still  further  elucidated  by  the  consideration  that  the  peri odio 
•  law  iudieatca  the  degree  of  intluence  of  an  increment  of  weight  in  the  atom 
BiS  afibcting  the  possible  equilibria,  and  also  what  degree  of  increase  in  the 
weight  of  the  atoms  reproduces  some,  though  not  all,  of  the  properties  of  the 
substance. 

This  tendency  to  repetition — these  pariods — may  be  likened  to  those 
annual  or  dinrnal  periods  with  which  we  ore  su  familiar  on  the  earth.  Days 
and  years  follow  each  other,  but,  as  they  du  so,  many  things  change ;  and  in 
like  manner  chemical  evolutions,  changes  in  the  masses  of  the  elements, 
permit  of  much  remaining  undisturbed,  though  many  properties  undergo 
alteration.  The  system  is  maintained  according  to  the  laws  of  conservation 
in  nature,  but  the  motions  are  altered  in  conseipience  of  the  chimge  of  parts. 

Neit,  lot  us  take  on  astronomical  case — such,  for  eiatnple,  as  the  earth  and 
the  moon— and  let  us  imagine  that  the  mass  of  the  latter  is  constantly 
increasing.  The  question  is,  what  will  then  occur?  The  path  of  the  moon 
in  space  is  a  wave-line  similar  tu  that  which  geometricians  have  named  epi' 
cycloidal,  or  the  locus  of  a  point  in  a  circle  rolling  round  another  circle.  But 
in  consequence  of  the  influence  of  the  moon  it  is  evident  that  the  path  of  the 
earth  itself  cannot  be  a  geometric  ellipse,  even  supposing  the  suu  to  be  im. 
movably  6xed;  it  must  be  an  epicycloidalcurve,  though  not  very  fur  removed 
from  the  true  elUpse — that  is  to  say,  it  will  be  impressed  with  but  foiut  un- 
dulations. It  is  only  the  common  centre  of  gravity  of  the  earth  and  the 
moon  which  describes  a  true  eUipse  round  the  sun.  If  the  moon  were  to 
increase,  the  relative  nnduiatiuns  of  tlie  earth's  path  would  jr 
tude,  those  of  the  moon  would  also  change,  and  nhen  the  ma 
bad  increased  to  an  equality  with  that  of  the  earth,  the  path  would  consist  of 
epieyeloidol  curves  crossing  each  other,  and  iiaving  opposite  phases.  Dut  a 
similar  relation  exists  between  the  sun  and  the  earth,  because  the  former  is 
also  moving  in  space.     ^Vo  may  apply  theso  views  to  the  world  of  atoms,  and 
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suppose  that  in  their  movements,  when  heavy  ones  take  the  place  of  thoie 
that  are  lighter,  similar  changes  take  place,  provided  thai  the  system  or  th« 
molecule  is  preserved  throughout  the  change. 

It   seems  probable  that  in  the  heavenly  systems^  dnring  incalcolftble 
astronomical  periods,  changes  have  taken  place  and  are  still  going  on  simikr 
to  those  which  pass  rapidly  before  our  eyes  during  the  chemical  reaction  of 
molecules,  and  the  progress  of  molecular  mechanics  may — we  hope  will— in 
course  of  time  permit  us  to  explain  those  changes  in  the  stellar  woild  which 
have  more  than  once  been  noticed  by  astronomers,  and  which  are  now  ao 
carefully  studied.    A  coming  Newton  will  discovev  the  laws  of  these  changes. 
Those  laws,  when  applied  to  chemistry,  may  exhibit  peculiarities,  but  these 
will  certainly  be  mere  variations  on  the  grand  harmonious  theme  which 
reigns  in  nature.    The  discovery  of  the  laws  which  produce  this  harmonj  in 
chemical  evolution  will  only  be  possible,  it  seems  to  me,  under  the  banner  of 
Newtonian   dynamics,  which    has   so  long   waved  over  the   domains  of 
mechanics,  astronomy,  and  physics.     In  calling  chemists  to  take  their  stand 
under  its  peaceful  and  catholic  shadow  I  imagine  that  I  am  aiding  in  estab- 
lishing that  scientific  union  which  the  managers  of  the  Boyal  Institution 
wish  to  effect,  who  have  shown  their  desire  to  do  so  by  the  flattering  invita- 
tion which  has  given  me — a  Russian — the  opportunity  of  laying  before  the 
countrj-men  of  Newton  an  attempt  to  apply  to  chemistry  one  of  his  inmiortal^ 
principles. 
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THE    PERIODIC    LAW    OF    THE    CHEMICAL    ELEMENTS, 

BY    PROFERSOR    MEKDEL6EPF. 

FARADAT  LECTURE   DELIVERED  BKFORE  THE  FELLOWS  OP 

THE  CHEMICAL  BOCIETY   IN  TUB  THEATRE   OF  THE   BOYAl.   INSTITUTION, 

ON  TUESDAY,   JUNE    4,    18S9. 

The  high  hononr  bestowed  hy  the  ChemicfLl  Society  in  inviting  ine  to  pft,v  ft 
tribute  to  the  worlcl-fsjned  name  of  Fiirivlaf  bjr  delivering  this  lecture  haH 
induced  me  to  take  for  its  eubjeet  the  Periodic  Law  of  the  ElemenlH^thii 
beiriR  a  generftUaatioii  in  chemistry  which  has  of  late  dttracted  much  al 

While  Hcience  is  pursutnK  a  steady  onward  movement,  i' 
from  time  to  time  to  cast  a  glance  back  on  the  route  already  traversed,  and 
especially  to  consider  the  new  conceptions  which  aim  at  discovering  the 
general  meaning  of  the  stock  of  facts  accnraalated  from  day  to  day  in  our 
laboratorieB.  Owing  to  the  possession  of  laboratoriea,  modern  science  now 
bears  a  new  character,  quite  unknown,  not  only  to  antiqnity,  but  even  to  the 
preceding  centnry.  Bacon's  and  Descartes'  idea  of  submitting  the  mechanism 
of  science  simiiltaneoiislyto  experiment  and  reasoning  has  been  folly  realised 
in  the  case  of  chemistry,  it  havinj:;  become  not  only  possible  but  always 
customary  to  experiment.  Under  the  all -penetrating  control  of  experiment, 
a  new  theory,  even  if  crude,  is  quickly  strengthened,  provided  it  be  founded 
on  a  anfljcient  bnsia ;  the  asperitiea  are  removed,  it  is  amended  by  deerees, 
Bnd  soon  loses  the  phantom  light  of  a,  shadowy  form  or  of  one  founded  on 
mere  prejudice ;  it  is  able  to  lead  to  logical  conclusions,  and  to  submit  to  ex- 
perimental proof.  WiRini^ly  or  not,  in  science  we  all  must  submit  not  to  what 
seems  to  ns  ftttractive  from  one  point  of  view  or  from  another,  but  to  what 
represents  an  a)^eement  between  theory  and  experiment ;  in  other  words,  to 
demonstrated  ^neralisation  and  to  the  a|>proved  experiment.  Is  it  long 
since  many  refused  to  accept  the  generalisations  involved  in  the  law  of  Avo- 
gadro  and  Ampere,  so  widely  extended  by  Gerhardt  ?  We  stiD  may  hoar  the 
voices  of  its  opponents :  they  enjoy  perfect  freedom,  but  vainly  will  their 
9B  rise  so  long  as  they  do  not  use  the  language  of  demonstrated  fncis. 
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The  striking  obsenations  with  th?  Fpectroscope  which  have  permitted  ns  to 
analyse  the  chemical  constitution  of  distant  worlds,  seemed,  at  first,  appli- 
cable to  the  task  of  determining  the  nature  of  the  atoms  themselves ;  bat  the 
working  out  of  the  idea  in  the  laboratory  soon  demonstrated  that  the  charac- 
ters of  spectra  are  determined,  not  directly  by  the  atoms,  but  by  the  mole- 
cules into  which  the  atoms  are  packed ;  and  so  it  became  evident  that  more 
verified  facts  must  be  collected  before  it  will  be  possible  to  formulate  new 
generalisations  capable  of  taking  their  place  beside  those  ordinary  ones  based 
upon  the  conception  of  simple  substances  and  atoms.    But  as  the  shade  of  the 
leaves  and  roots  of  li\ing  plants,  together  with  the  relics  of  a  decayed  vege- 
tation, favour  the  growth  of  the  seedling  and  serve  to  promote  its  luxmions 
development,  in  like  manner  sound  generalisations — together  with  the  relics 
of  those  which  have  proved  to  be  untenable — promote  scientific  productintv, 
and  ensure  the  luxurious  growth  of  science  under  the  influence  of  rays  ema- 
nating from  the  centres  of  scientific  energy-.     Such  centres  are  scientific 
associations  and  societies.     Before  one  of  the  oldest  and  most  powerful  of 
these  I  am  about  to  take  the  libeity  of  passing  in  review  the  20  years*  life  of 
a  generalisation  which  is  known  under  the  name  of  the  Periodic  Law.    It 
was  in  March  1869  that  I  ventured  to  lay  before  the  then  youthful  Russian 
Chemical  Society  the  ideas  upon  the  same  subject  which  I  had  expressed  in 
my  just  written  *  Principles  of  Chemistry.' 

Without  entering  into  details,  I  will  give  the  conclusions  I  then  arrived 
at  in  the  verv  words  I  used : — 

*  1.  The  elements,  if  arranged  according  to  their  atomic  weights,  exhibit 
an  evident  periodicity  of  properties. 

'  2.  Elements  which  are  similar  as  regards  their  chemical  properties  have 
atomic  weights  which  are  either  of  nearly  the  same  value  (e.g.  platinum, 
iridium,  osmium)  or  which  increase  regularly  {e.g.  potassium,  rubidium, 
ciL'siunii. 

*  Ji.  The  arrangeiuent  of  the  elements,  or  of  groups  of  elements,  in  the 
order  of  their  atomic  weights,  corresponds  to  their  so-called  valencies  as  well 
iiH,  U)  Hoiue  extent,  to  their  distinctive  chemical  properties — as  is  apparent, 
among  other  series,  in  that  of  lithium,  beryUium,  barium,  carbon,  nitrogen, 
ox>j;en,  and  iron.  ' 

*  4.  The  elements  which  are  the  most  widely  diffused  have  small  atomic 
weij^'hts. 

'5.  The  magnitude  of  the  atomic  weight  determines  the  character  of  the 
element,  just  us  the  ma.jiiitude  of  the  molecule  determines  the  character  of 
a  compound. 

'  l>.  ^Ve  must  expect  the  discovery  of  many  yet  unknown  elements— for 
"example,  elements  analogous  to  aluminium  and  silicon,  whose  atomic  weight 
would  be  between  65  and  75. 

'  7.  The  atomic  weight  of  an  element  mav  sometimes  be  amended  bv  a 
knowledge  of  those  of  the  contiguous  elements.  Thus,  the  atomic  weight  of 
tellurium  must  lie  between  123  and  12(>.  and  cannot  be  128. 

*  8.  Certain  characteristic  properties  of  the  elements  can  be  foretold  from 
their  atomic  weiglitts. 
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*Tlie  ftim  of  this  conununication  will  lie  fiillj'  attninecl  it  I  miereed  in 
dr&wing  the  attention  of  investigators  to  tliose  relations  which  exist  between 
the  atomic  weights  of  disaimilar  alementu,  whieh,  an  for  us  I  know,  have 
hitherto  been  almost  completely  neglected.  I  believa  that  the  solution  of 
(Hime  of  the  moat  important  problems  of  uui  science  lies  in  researches  of  this 
kind.' 

To-day,  twenty  years  after  the  above  conclusions  were  formulated,  they 
may  still  be  considered  as  expressing  the  essence  of  the  now  well-known 
periodic  law. 

Beverttng  to  the  epoch  terminating  with  the  sixties,  it  is  proper  to  indi- 
cate three  series  of  data  without  the  kuonledge  of  which  the  perio<1ic  law 
could  Dot  have  been  discovered,  and  which  rendered  its  appearance  natural 
and  intelligible. 

In  the  first  place,  it  was  at  that  time  that  the  numerical  \'alue  of  atomic 
weights  became  definitely  known-  Ten  joara  earlier  such  knowledge  did  not 
exist,  as  may  be  gathered  &om  the  fact  that  in  m60  chemists  boai  all  parU 
of  the  world  met  at  Karlsruhe  in  order  tu  come  to  some  agreement,  if  not 
with  respect  to  views  relating  to  atoms,  at  any  rals  as  regards  their  definite 
representation.  Many  of  those  present  probably  remember  how  vain  were 
the  hopes  of  eomini;  to  an  understanding,  luid  how  much  ground  was  gainvd 
at  that  Congress  by  the  followers  of  the  unitary  theory  so  briUiantty  repre- 
xentcd  by  C'annizitaro.  I  vividly  remember  the  impreseion  produced  by  his 
speeches,  which  admitted  of  no  compromise,  and  seemed  to  advocate  truth 
itself,  based  on  the  conceptions  of  Avogadro,  Gerliordt,  and  Begnault,  which 
at  that  time  were  lar  from  being  geucL'olly  recop;msed.  And  though  no 
understanding  could  be  arrived  at,  yet  the  objecls  of  the  meeting  were  attained, 
for  the  ideas  of  Connizzaro  proved,  after  a  few  years,  to  be  the  only  ones 
which  could  stand  criticism,  and  whicb  represented  an  atom  as-^'  the 
scnallest  jrartion  of  an  element  whicli  enters  into  a  molecule  of  its  compomid.' 
Only  such  real  atomic  weights— not  conventional  ones — could  afford  a  basis 
for  generalisation.  It  is  suificient,  by  way  of  example,  to  indicate  the 
following  coses  in  which  the  relation  is  sean  at  once  and  is  perfectly  clear: — 
K  =39  Rb  =  85  Cs  -  188 

C»-40  Sr  -87  Ba-IB? 

whereas  with  the  equivalents  then  in  use — 

K  -3!)  Ilb  =  85  Ofe  -188 

Ca  =  20  Sr  ''4a-5  Da  =  08-5 

the  consecntivencss  of  change  in  atomic  weight,  which  with  the  true  values 
is  so  evident,  completely  disappears. 

Secondly,  it  had  become  evident  during  the  period  18G0-T0,  aad  e 
during  the  preceding  decade,  that  the  relations  between  the  atomio  weights 
of  analogous  elements  were  governed  by  some  general  and  simple  laws. 
Cooke,  Cremers,  Qladatone,  Gmeliii,  Loussen.  PettenkoFer,  and  especially 
Dumas,  had  already  established  many  facts  bearing  on  that  view.  Thus 
Dimias  compared  the  following  groups  of  analogous  elements  with  orgaiiio 
rudicles :  — 
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and  pointed  out  some  really  striking  relationships,  sacb  as  the  foU owing : — 

F  =19. 

CI  =  35-5  =  19  +  16-5. 

Br  =  80    =19  +  2x16-5  +  28. 

I    =127  =  2x19  +  2x16-5  +  2x28. 

A.  Strecker,  in  his  work  '  Theorien  und  Experimente  zur  Bestimmong 
der  Atomgewichte  der  Elemente  *  (Braunschweig,  1859),  after  summarising 
the  data  relating  to  the  subject,  and  pointing  out  the  remarkable  series  of 
equivalents — 

Cr  =  26-2        Mn  =  27-6        Fe-28        Ni  =  29        Co  =  80        Cu  =  81-7 

Zn  =  82-5 

remarks  that :  *  It  is  hardly  probable  that  all  the  above-mentioned  relations 
between  the  atomic  weights  (or  equivalents)  of  chemically  analogous  elements 
are  merely  accidental.  We  must,  however,  leave  to  the  future  the  discovery 
of  the  law  of  the  relations  which  appears  in  these  figures.*  * 

In  such  attempts  at  arrangement  and  in  such  views  are  to  be  recognised 
the  real  forerunners  of  the  periodic  law;  the  ground  was  prepared  for  it 
between  1860  and  1870,  and  that  it  was  not  expressed  in  a  determinate  form 
before  the  end  of  the  decade  may,  I  suppose,  be  ascribed  to  the  fact  that  only 
analogous  elements  had  been  compared.  The  idea  of  seeking  for  a  relation 
between  the  atomic  weights  of  all  the  elements  was  foreign  to  the  ideas  then 
current,  so  that  neither  the  via  tellurique  of  De  Chancourtois,  nor  the  law  of 
octaves  of  Newlands,  could  secure  anybody's  attention.  And  yet  both  De 
Chancourtois  and  Newlands,  like  Dumas  and  Strecker,  more  than  Lenssen 
and  Pettenkofer,  had  made  an  approach  to  the  periodic  law  and  had  dis- 
covered its  germs.  The  solution  of  the  problem  advanced  but  slowly,  because 
the  facts,  and  nut  the  law,  stood  foremost  in  all  attempts  ;  and  the  law  could 
not  awaken  a  general  interest  so  long  as  elements,  having  no  apparent  con- 
nection with  each  other,  were  included  in  the  same  octave,  as  for  example : — 


1st  octave    of 

Newlands .  . 

H 

F 

CI 

Co&Ni 

Br 

Pd 

I 

Pt&Ir 

7th  Ditto 

0 

S 

Fe 

Se 

Rh&Ru 

Te 

Au 

OsorTh 

Analogies  of  the  above  order  seemed  quite  accidental,  and  the  more  so  as 
tlie  octave  contained  occasionally  ten  elements  instead  of  eight,  and  when  two 

^  '  Es  ist  wohl  kaam  anzunehmen,  dass  alle  im  Vorhergehenden  hervorgehobenoi 
Beziehungen  zwischen  den  Atomgewichten  (oder  Aequivalenten)  in  chemischen  Verh&lt- 
nissen  einander  ahnliche  Elemente  bloss  rofallig  sind.  Die  Auffindung  der  is  diesen 
Zahlen  gesetzUchen  Beziehangen  mUssen  wir  jedoch  der  Zukunft  uberUssen.' 
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Bnoh  elementB  as  Ba  and  V,  Co  and  Ni,  or  Rh  and  Bit,  oecnpied  one  place  in 
the  octave."  NevenheleEs,  the  fruit  wob  ripening,  and  I  now  see  clearly  thai 
Streclier,  De  Chancourtois,  and  Newlanda  stood  foremost  in  the  way  towards 
the  discovery  of  the  periodic  law,  and  that  they  merely  wanted  the  boldness 
necessary  to  place  the  whule  question  at  such  a  height  that  its  reflection  on 
(he  facts  could  be  clearly  seen. 
y^  A.  third  circumHtanoe  which  revealed  the  periodicity  of  chemical  elemeuta 
was  the  accumulation,  by  the  end  of  the  sixities,  of  new  information  respEcting 
the  rare  elements,  diaclosing  their  nnuty-si-ded  relations  to  the  other  element 
and  to  each  other.  The  researches  of  Moriguac  on  mobiom,  and  those  of 
Koscoe  on  vanadium,  were  of  special  moment.  The  striking  analogies  between 
vanadium  and  pboephoruB  on  the  one  luiad,  and  between  vanadium  and 
chromium  on  the  other,  which  became  so  apparent  in  the  investigations  con- 
nected with  that  element,  nut umli J  induced  the  comparison  of  V  =  51  with 
Cr  =  52,  Nb=a4  with  Mo  =  U6.and  Ta  =  l!)2  with  W  =  104;  whDe,  on  the 
other  hand,  P  =  31  cotdd  be  compared  with  b  ^  32,  As  ==  75  with  ije  •  70,  and 
Sb  =  120  with  Te  ■•  125.  From  sach  approximations  there  remained  but  one 
step  to  the  discovery  of  the  law  of  periodicity. 

The  law  of  periodicity  was  thus  a  direct  outcotbe  of  the  stock  of  generoli- 
tatione  and  established  facts  which  had  accumulated  by  tlie  end  of  the  decade 
18GO-1870:  it  ia  an  embodiment  of  those  data  in  a  more  or  less  sytematio 
eipresaion.  Where,  then,  lies  the  secret  of  the  special  importance  which  has 
since  been  attached  to  the  periodic  law,  and  has  raised  it  to  the  position  of  a 
generalisation  which  has  already  given  to  chemistry  unexpected  aid,  and 
which  promises  to  be  for  more  fruitful  ia  the  future  and  to  impress  upon 
several  branches  of  chemical  research  a  peculiar  and  original  stamp  ?  The 
remauiing  part  of  my  communication  will  be  an  attempt  to  answer  this 

f.      question. 

In  the  first  place  we  have  the  circumstance  that,  as  soon  as  the  law  made 

'  its  appearance,  it  demanded  a  rension  of  many  facts  which  were  considered 
by  chemists  as  fully  established  by  existing  experience.  I  shall  return,  later 
on,  brieUy  to  this  subject,  but  I  wish  now  to  remind  you  that  the  periodic 
law,  by  insisting  on  the  necessity  for  a  revision  of  supposed  facts,  exposed 
itself  at  once  to  destruction  in  its  very  origin.  Its  first  requirements,  how- 
ever, have  been  almost  entirely  satisfied  during  the  last  20  years ;  the  enp- 
poied  facts  have  yielded  to  the  law,  thus  prot-ing  that  the  law  itself  was  a 
lagitimate  induction  from  the  verified  facts.  But  our  inductions  from  data 
have  often  to  do  with  such  details  of  a  science  so  rich  in  facts,  that  only 
generalisations  which  coverawide  range  of  important  phenomena  can  attract 
general  attention.  What  were  the  rsgioua  touched  on  by  the  [leriodic  law  ? 
This  is  what  we  shall  now  consider. 

The  most  important  point  to  notice  is,  that  periodic  fimotions.  used  for 
the  purpose  of  expressing  changes  which  are  dependent  on  variations  of  time 
and  space,  have  been  long  known.  Thuy  are  famihor  to  the  mind  when  we 
have  to  deal  with  motion  in  closed  cycles,  or  with  any  kind  of  deviation  from 

'  To  juilgo  froni  J.  A.  E.  NuwUuds's  work.  On  the  Ditcovery  of  the  Periodic  Lam, 
London.  IHSl,  p.  IIB;  'On  the  Lair  of  Octaves'  (from  the  Chemical  Newt,  19,  M, 
August  IS,  IttUS). 
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a  stable  position,  snch  as  occurs  in  pendolnm-oscillations.  A  like  periodie 
function  became  evident  in  the  case  of  the  elements,  depending  on  the  mass 
of  the  atom.  The  primary  conception  of  the  masses  of  bodies,  or  of  the  masses 
of  atoms,  belong  to  a  category  which  the  present  state  of  science  forbids  as 
to  discuss,  because  as  yet  we  have  no  means  of  dissecting  or  analysing  the 
conception.  All  that  was  known  of  functions  dependent  on  masses  derived 
its  origin  from  Galileo  and  Newton,  and  indicated  that  such  functions 
either  decrease  or  increase  with  the  increase  of  mass,  like  the  attraction  of 
celestial  bodies.  The  numerical  expression  of  the  phenomena  was  always 
found  to  be  proportional  to  the  mass,  and  in  no  case  was  an  increase  of  mass 
followed  by  a  recurrence  of  properties  such  as  is  disclosed  by  the  periodic  law 
of  the  elements.  This  constituted  such  a  novelty  in  the  study  of  the  phenomena 
of  nature  that,  although  it  did  not  lift  the  veil  which  conceals  the  true  concep- 
tion of  mass,  it  nevertheless  indicated  that  the  explanation  of  that  conception 
must  be  searched  for  in  the  masses  of  the  atoms  ;  the  more  so,  as  all  masses 
are  nothing  but  aggregations,  or  additions,  of  chemical  atoms  which  would  be 
best  described  as  chemical  individuals.  Let  me  remark,  by  the  way,  that 
though  the  Latin  word  *  indiWdual  *  is  merely  a  translation  of  the  Greek  word 
'  atom,*  nevertheless  history  and  custom  have  drawn  so  sharp  a  distinction 
between  the  two  words,  and  the  present  chemical  conception  of  atoms  is 
nearer  to  tliat  defined  by  the  Latin  word  than  by  the  Greek,  although  this 
latter  also  has  acquired  a  special  meaning  which  was  unknown  to  the  classics. 
The  periodic  law  has  shown  that  our  chemical  individuals  display  a  harmonic 
periodicity  of  properties,  dependent  on  their  masses.  Now  natural  science 
has  long  been  accustomed  to  deal  with  periodicities  obseri^ed  in  nature,  to 
seize  them  with  the  vice  of  mathematical  analysis,  to  submit  them  to  the 
rasp  of  experiment.  And  these  instruments  of  scientific  thought  would 
surely,  long  since,  have  mastered  the  problem  connected  with  the  chemical 
elements,  were  it  not  for  a  new  feature  which  was  brought  to  light  by  the 
periodic  law,  and  which  gave  a  peculiar  and  original  character  to  the  periodie 
function. 

If  wo  mark  on  an  axis  of  abscissse  a  series  of  lengths  proportional  to 
angles,  and  trace  ordinates  which  are  proportional  to  sines  or  other  trigono- 
metrical functions,  we  get  periodic  curves  of  a  harmonic  character.  .  So  it 
might  seem,  at  first  sight,  that  with  the  increase  of  atomic  weights  the  func- 
tion of  the  properties  of  the  elements  should  also  vary  in  the  same  harmonious 
way.  But  in  this  case  there  is  no  such  continuous  change  as  in  the  curves 
just  referred  to,  because  the  periods  do  not  contain  the  infinite  number  of 
points  constituting  a  curve,  but  a  finite  number  only  of  such  points.  An 
example  will  better  illustrate  this  view.    The  atomic  weights — 

Ag-108  Cd  =  112  In  =  113  Sn  =  118  Sb  =  120 

Te  =  125  I  =  127 

steadily  increase,  and  their  increase  is  accompanied  by  a  modification  of 
many  properties  which  constitutes  the  essence  of  the  periodic  law.  Thus, 
for  example,  the  densities  of  the  above  elements  decrease  steadily,  being 
respectively — 

10'5  8-6  7-4  7-2  0*7  6-4  4-0 


ing  quantity  of  oxygen — 
Sa.O,  SbjOj  TbjOj 

But  to  connect  by  a  curve  the  summits  of  the  ordinates  exprcssiii(>  Any 
of  these  properties  waald  involve  the  rejc-clion  of  DoIIoq'e  Iaw  of  multiple 
propnrtinus.  Not  only  dre  there  no  intermediate  elements  between  Bilrer, 
which  gives  Ag^l,  and  cadQiiiinj,  nhich  (fives  CdCl.j,  but,  aoconling  tu  the 
very  essence  of  the  periodic  law,  thyte  tan  bo  none ;  in  feet  o  uniform  curve 
would  be  iuappltrable  in  such  a,  ease,  as  it  wotiltt  lead  ns  to  expect  elements 
pOBBCflsed  of  Hj^ecial  properties  at  any  point  of  the  curve.  The  periods  of  the 
elements  bnve  thus  a  character  very  differeiit  from  those  which  are  so  sicnply 
represented  by  geometers.  They  correspond  to  poinls,  to  numbers,  to  sudden 
changes  of  the  mosses,  and  not  to  a  continuous  evolution.  In  these  sudden 
changes  destitute  of  intermediate  steps  or  positions,  in  the  ithsence  of 
elements  intermediate  between,  say,  silver  and  cadmium,  or  Alummium 
and  eilicon,  we  must  recognise  a  problem  to  which  no  direct  application 
of  the  analyGis  of  the  infinitely  small  can  ho  made.  Therefore,  nuither  the 
trigonvimetrical  functions  proposed  by  Ilidberg  and  Flavitzky,  nor  the  pen- 
dulnin-oscitlations  suggested  by  Crookes,  nor  the  cubical  curves  of  the  Her. 
Mr.  Hatighton,  which  have  been  proposed  fiir  expressing  the  periodic  law, 
from  tlie  tiature  of  the  cai^e,  can  represent  the  periods  of  the  chemical 
elements.  If  geometrical  analysis  is  to  be  applied  to  this  subject,  it  will  re- 
quire to  be  modified  in  a  special  manner.  It  must  find  the  means  of  rejire- 
sentiiig  in  a  special  way,  not  only  Buch  long  period^  as  that  comprising, 

K     Ca    Sc    Ti    V    Cr    Mn    Fe    Co    Ni    Cu    Za    Ga    Ge    As    Sa    Br. 

but  ehort  periods  like  the  following  ;- 
Na        Mg        Al 


Si 


CI. 


In  the  theory  of  numbers  only  do  we  find  problems  analogous  to  oum, 
and  two  attempts  at  expressing  the  atomic  weifjhta  of  the  elements  by  alge- 
braic furmulic  seem  to  be  deserving  of  attention,  although  neither  of  them 
can  be  considered  an  a  complete  theory,  nor  as  promisin"  finally  to  solve  the 
problem  of  the  periodic  law.  Tlie  attempt  of  E.  J.  Mills  {188G)  does  not 
even  aspire  to  attain  thie  end.  He  considers  that  all  atomic  weights  can  be 
expressed  by  a  logarithmic  function, 

X5(n- 0-9875'), 

in  which  the  variables  w  and  t  are  vholf  nmnhers.  Thus,  for  oxygen,  n  «;  2, 
and  1=1,  whence  its  atomic  weight  is  =  15-1)4 ;  in  the  case  of  chlorine, 
bromine,  and  idione,  n  has  respective  values  of  8,  6.  and  tt,  whilst  1  ^  7,  6, 
and  0  ;  in  the  case  of  potassium,  rubidiimi,  and  cssinm,  n  -  4,  G,  and  II,  and 
I  =  14.  18,  and  20. 

Another  attempt  was  made  in  1888  by  B.  N.  Tchitchirin.  Its  author 
place*  the  problem  of  the  periodic  law  in  the  first  rank,  but  as  yet  he  baa 
investigated  the  alkali  metals  only.    Tofaitch^rin  first  noticed  the  sim^ 
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relations  existing  between  the  atomic  volnmes  of  all  aDuJi  metals:  they 
can  be  expressed,  according  to  his  views,  by  the  formula 

A(2-0-00535An), 

where  A  is  the  atomic  weight,  and  n  is  equal  to  8  for  lithium  and  sodium,  to 
4  for  potassium,  to  3  for  rubidium,  and  to  2  for  caesium.  If  n  remained  equal 
to  8  during  the  increase  of  A,  then  the  volume  would  become  zero  at  A  =  46j, 
and  it  would  reach  its  maximum  at  A  =  23^.  The  close  approximation  of 
the  number  46}  to  the  dififerences  between  the  atomic  weights  of  analogous 
elements  (such  as  Cs  —  Bb,  I  -  Br,  and  so  on) ;  the  close  correspondence  of 
the  number  23^  to  the  atomic  weight  of  sodium ;  the  fsust  of  n  being  neces- 
sarily a  whole  number,  and  several  other  aspects  of  the  question,  induce 
Tchitch^rin  to  believe  that  they  afford  a  clue  to  the  understanding  of  the 
nature  of  the  elements ;  we  must,  however,  await  the  full  development  of 
his  theory  before  pronoimcing  judgment  on  it.  What  we  can  at  present  only 
be  certain  of  is  this :  that  attempts  like  the  two  above  named  must  be  re- 
peated and  multiplied,  because  the  periodic  law  has  clearly  shown  that  the 
masses  of  the  atoms  increase  abruptly,  by  steps,  which  are  clearly  connected 
in  some  way  with  Dalton's  law  of  multiple  proportions ;  and  because  the 
periodicity  of  the  elements  finds  expression  in  the  transition  from  BX  to 
BXj,  BX3,  liX^,  and  so  on  tiU  BX^,  at  which  point,  the  energy  of  the  com- 
bining forces  being  exhausted,  the  series  begins  anew  from  RX  to  RX^,  and 
so  on. 

While  connecting  by  new  bonds  the  theory  of  the  chemical  elements  with 
Dalton's  theory  of  multiple  proportions,  or  atomic  structure  of  bodies,  the 
periodic  law  opened  for  natural  philosophy  a  new  and  wide  field  for  specula- 
tion. Kant  said  that  there  are  in  the  world  *  two  things  which  never  cease 
to  call  for  the  admiration  and  reverence  of  man :  the  moral  law  within 
ourselves,  and  the  stellar  sky  above  us.*  But  when  we  turn  our  thoughts 
towards  the  nature  of  the  elements  and  the  periodic  law,  we  must  add  a  third 
subject,  namely,  '  the  nature  of  the  elementary  individuals  which  we  discover 
everywhere  around  us.*  Without  them  the  stellar  sky  itself  is  inconceiv- 
able ;  and  in  the  atoms  we  see  at  once  their  peculiar  individualities,  the  in- 
finite multiplicity  of  the  individuals,  and  the  submission  of  their  seeming 
freedom  to  the  general  harmony  of  Nature. 

Having  thus  indicated  a  new  mystery  of  Nature,  which  does  not  yet  yield 
to  rational  conception,  the  periodic  law,  together  with  the  revelations  of 
spectrum  analysis,  have  contributed  to  again  revive  an  old  but  remarkably 
long-lived  hope— that  of  discovering,  if  not  by  experiment,  at  least,  by  a 
mental  effort,  the  primary  matter — which  had  its  genesis  in  the  minds  of 
the  Grecian  philosophers,  and  has  been  transmitted,  together  with  many 
other  ideas  of  the  classic  period,  to  the  heirs  of  their  civihsation.  Having 
grown,  during  the  times  of  the  alchemists  up  to  the  period  when  experimental 
proof  was  required,  the  idea  has  rendered  good  service ;  it  induced  those 
careful  observations  and  experiments  which  later  on  called  into  being  the 
works  of  Scheele,  Lavoisier,  Priestley,  and  Cavendish.  It  then  slumbered 
awhile,  but  was  soon  awakened  by  the  attempts  either  to  confirm  or  to  refute 
the  ideas  of  Prout  as  to  the  multiple  proportion  relationship  of  the  atomic 


APPENDIX   II. 

weightB  of  all  the  elemente.  And  once  a^ain  the  inductile  or  experimental 
method  of  Btud,ving  Nature  gained  a.  ilireot  tidvantage  from  the  old  Pj-tha- 
gorean  idea :  heeauHe  atomic  weighta  were  delenuiaed  with  an  acouracy 
formerly  unknowii.  But  again  the  idea  could  not  stand  the  ordeal  of  experi- 
mental test,  yet  the  prejudice  remains  and  has  not  been  uprooted,  even  by 
Stas :  nay,  it  has  gained  a  new  vigour,  for  -tve  see  that  all  which  is  imperff>ctly 
worked  out,  new  and  unexplained,  from  the  still  scarcely  studied  rare  melole 
to  the  hardly  perceptible  neliulte,  have  heen  used  to  justify  it.  As  soon  aa 
spcctnmi  analyeis  uppears  as  a  new  and  powerful  weapon  of  chemistry,  the 
idea  of  a  primary  matter  is  immediately  attached  to  it.  From  all  sides  we 
see  attempts  tn  constitute  the  imaginary  substance  lirliuin' tho  so  much 
longed  for  primary  matter.  No  attention  is  paid  to  the  circumstance  (hat 
the  helium  line  is  only  seen  in  the  spuclmm  of  the  solar  protuberances,  so 
that  its  imirersality  in  Nature  remains  as  problematic  as  the  primary  matter 
itself;  nor  to  the  fact  that  the  helium  Un«  is  wanting  amongst  the  Fraun- 
hofer  lines  of  the  solar  spectnun.  and  thus  dues  not  answer  to  the  brilhant 
fundamental  conceptiou  which  gives  its  real  force  to  speetnun  analysis. 

And  finally,  no  notice  is  even  taken  of  the  indubitable  fact  that  the  bril- 
liancies of  the  spectral  Hues  of  the  simple  substances  vary  under  dilTerent  tem- 
peratures and  pressures;  so  that  all  probabilities  are  in  favour  of  the  helium 
line  simply  belonf^ng  to  some  long  since  known  element  placed  under  such 
conditions  of  temperature,  pressure,  and  grai-ity  as  have  not  yet  been  reaheed 
in  our  experiments.  Again,  the  idea  thnt  the  excellent  investigations  of 
Lockyer  of  the  spectrum  of  iron  can  be  interpreted  in  favour  of  the  compound 
nature  of  that  element,  evidently  must  have  arisen  from  some  misunder- 
standing. The  spectrum  of  a  compound  certainly  does  not  appear  as  a 
Bnm  of  the  spectra  of  its  components;  and  therefore  the  observations  of 
Lockj'er  can  be  considered  precisely  as  a  proof  that  iron  undergoes  no  other 
changes  at  the  temperature  of  the  sun  than  tliose  which  it  experiences  in  the 
voltaic  arc— provided  the  spectrum  of  u-on  is  preserved.  As  tu  the  shifting 
of  some  of  the  lines  of  the  epectrimi  of  iron  while  the  other  lines  maintain 
their  positions,  it  con  be  explained,  as  shown  by  M.  Klsibcr  ('  Journal  of  the 
Busaian  Chemical  and  Physical  Society.'  1B65,  147),  by  the  relative  motion 
of  the  various  strata  of  the  sun's  atmosphere,  and  by  Zollner's  laws  of  the 
relative  brilliancies  of  diHcrent  lines  of  the  spectrum.  Moreover,  it  ought 
not  to  be  forgotten  that  if  iron  were  reoUy  proved  to  consist  of  two  or  more 
unknown  elements,  we  should  simply  tiave  an  increase  in  the  nmnber  of  onr 
elements — not  a  reduction,  and  still  less  a  reduction  of  all  of  them  to  one 
single  primary  matter. 

Feeling  that  spectrum  analysis  will  not  yield  a  support  to  the  Pythagorean 
conception,  its  modern  promoters  are  so  hent  upon  its  being  confirmed  by 
the  periodic  law,  that  the  illustrious  Berihelot,  in  his  work  '  Les  origines  de 
I'Alchimie.'  1B85,  dlB,  has  simply  mixed  up  the  fundamental  idea  of  the  law 
of  periodicity  with  the  ideas  of  Prout,  (ho  alchemists,  and  Democrilus  about 
primary  mutter.*  But  the  periodic  law,  based  aa  itia  on  the  solid  and  wbole- 


'  That  is,  B  Bubetuioe  liuTing  a  v 

*  He    nuuntaiiiB  (on    p.   guv)  ll 

elemeuti,  haring  ■tomio  weights  □ 


e-Iongth  eqanl  to  0-00058TG  milliiuctrc. 
tlie  periodic!  law   lequireB   two   new  lUiaJogon* 
iH  and  tM,  ocoapjiDg  poHitioua  belHOeo  mlpboc 
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some  ground  of  experimental  research,  has  been  evolved  independently  of 
any  conception  as  to  the  nature  of  the  elements ;  it  does  not  in  the  least 
originate  in  the  idea  of  a  unique  matter ;  and  it  has  no  historical  connec- 
tion with  that  relic  of  the  torments  of  classical  thought,  and  therefore  it 
affords  no  more  indication  of  the  unity  of  matter  or  of  the  compound  character 
of  our  elements,  than  the  law  of  Avogadro,  or  the  law  of  specific  heats,  or 
even  the  conclusions  of  spectrum  analysis.  None  of  the  advocates  of  a 
unique  matter  have  ever  tried  to  explain  the  law  from  the  standpoint  of  ideas 
taken  from  a  remote  antiquity  when  it  was  found  convenient  to  admit  the 
existence  of  many  gods — and  of  a  unique  matter. 

When  we  try  to  explain  the  origin  of  the  idea  of  a  unique  primary 
matter,  we  easily  trace  that  in  the  absence  of  inductions  from  experiment  it 
derives  its  origin  from  the  scientifically  philosophical  attempt  at  discovering 
some  kind  of  unity  in  the  immense  diversity  of  individualities  which  we  see 
around.  In  classical  times  such  a  tendency  could  only  be  satisfied  by  con- 
ceptions about  the  immaterial  world.  As  to  the  material  world,  our  ancestors 
were  compelled  to  resort  to  some  hypothesis,  and  they  adopted  the  idea  of 
unity  in  the  formative  material,  because  they  were  not  able  to  evolve  the 
conception  of  any  other  possible  unity  in  order  to  connect  the  multifarious 
relations  of  matter.  Responding  to  the  same  legitimate  scientific  tendency, 
natural  science  has  discovered  throughout  the  universe  a  unity  of  plan,  a 
unity  of  forces,  and  a  unity  of  matter,  and  the  convincing  conclusions  of 
modem  science  compel  every  one  to  admit  these  kinds  of  unity.  But  while 
we  admit  unity  in  many  things,  we  none  the  less  must  also  explain  the 
individuality  and  the  apparent  diversity  which  we  cannot  fail  to  trace  every- 
where. It  has  been  said  of  old,  *■  Give  a  fulcrum,  and  it  will  become  easy  to 
displace  the  earth.'  So  also  we  must  say,  *  Give  anything  that  is  individu- 
alised, and  the  apparent  diversity  will  be  easily  understood.*  Otherwise,  how 
could  unity  result  in  a  multitude  V 

After  a  long  and  painstaking  research,  natural  science  has  discovered  the 
individualities  of  the  chemical  elements,  and  therefore  it  is  now  capable  not 
only  of  analysing,  but  also  of  synthesising ;  it  can  understand,  and  grasp  the 
general  and  unity,  as  well  as  the  individualised  and  the  multitudinous. 
Unity  and  the  general,  like  time  and  space,  like  force  and  motion,  vary  uni- 
formly ;  the  uniform  admit  of  interpolations,  revealing  every  intermediate 
phase.  But  the  multitudinous,  the  individualised — like  ourselves,  like  the 
chemical  elements,  like  the  members  of  a  peculiar  periodic  function  of 
elements,  like  Dalton*s  multiple  proportions — is  characterised  in  another 
way :  we  see  in  it,  side  by  side  with  a  connecting  general  principle,  leaps, 
breaks  of  continuity,  points  which  escape  from  the  analysis  of  the  infinitely 
small — a  complete  absence  of  intermediate  links.  Chemistry  has  found  an 
answer  to  the  question  as  to  the  causes  of  multitudes ;  and  while  retaining 
the  conception  of  many  elements,  all  submitted  to  the  discipline  of  a  general 
law,  it  ofifers  an  escape  from  the  Indian  Nir\'ana — ^the  absorption  in  the 
universal,  replacing  it  by  the  individualised.     However,  the  place  for  indi- 

and  selenium,  althoagh  nothing  of  the  kind  resalts  from  any  of  the  different  readings  ol 
the  law. 
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riduality  in  so  limited  hy  the  iiU-gnis]iIn(;.  all-pnwerful  iinivorsal,  that  it  is 
merely  n,  ^Icrum  for  ifae  understanding  of  multitude  in  unity. 

Having  touched  upon  the  luBtaphyBical  baees  of  (he  conception  of  a 
unique  matter  which  is  Bupposed  to  enter  lato  the  composition  of  all  hodiea, 
I  think  it  necessary  to  dwell  upon  another  theory,  akin  to  the  above  concep- 
tion—the  theory  of  the  conipomid  character  of  the  elemente  now  admitted  by 
some — and  eepecially  upon  one  particular  -circiimstaiice  which,  being  related 
lo  the  periodic  law,  is  considered  to  be  an  argument  in  favour  of  that  hypo- 

Dr.  PelopidftB,  in  1993,  made  a  communication  to  the  Bussian  Chemical 
and  Physical  Society  on  the  periodicity  of  the  hydrocarbon  radioles,  pointing 
out  the  remarkable  parallelism  whieh  was  to  be  noticed  in  the  change  of 
propertiea  of  hydrocarbon  radicles  and  elements  when  classed  in  groups. 
ProfesBOT  Camelley,  ia  ISHC,  developed  a  sitiiilar  parallGlisin,  The  idea  of 
M.  Pelopidas  will  be  easily  imderstood  if  we  coiisider  the  series  of  hydro- 
carbon radicles  which  contain,  say,  0  atoms  of  carbon :-~ 


I. 


II. 


III. 


C„H„        C„H„        CsH,. 


IV. 


VI. 


VII. 


CgH,        C„H,        C„H, 


The  first  of  these  radicles,  like  the  elements  of  the  1st  ^oup,  combines  with 
01,  OH,  and  so  on,  Emd  pves  the  derivatives  of  hexyl  alcohol,  C,H„(OH) ; 
but,  in  proportion  as  the  numl}er  of  hydroi^en  atoms  decreases,  the  capacity 
of  the  radicles  of  combining  with,  say,  the  halogens  increases.  ChH,,.  already 
combineH  with  2  atoms  of  chloriue;  C„H,,  with  3  atoms,  and  so  on.  The 
last  members  of  the  series  comprise  the  radicles  of  acids ;  thus  CgH^  whioh 
belongs  to  the  lith  group,  gives,  like  siilpbur,  a  bibosio  acid,  C„H„0.,(OH)„ 
which  in  homologous  with  oxalic  acid.  The  parallohsm  can  be  traced  still 
further,  because  C^Hj  appears  as  a  monovalent  radicle  of  benzene,  and  with 
it  begins  a  new  series  of  aromatic  derivati'^'es,  eo  analogous  to  the  derivatives 
of  the  fat  series.  Let  me  also  mention  another  example  &om  among  those 
which  have  been  given  by  M.  Pelopidas.  Starting  from  [he  alkaline  radicle 
of  monomethylammoninni,  NfCHjjHj,  or  NCH,,  which  presents  many 
analogies  with  the  nlkalitio  metals  of  the  1st  group,  he  arri\'eB.  by  successively 
diminishing  the  cumber  of  tlie  atoms  of  hydrogen,  at  a  7th  group  which 
contains  cyanogeo,  CK,  which  has  long  since  been  compared  to  the  balogena 
of  the  Tth  group. 

The  most  important  coiiser[uence  which,  in  my  opinion,  con  be  drawn 
from  the  above  comparison  is  that  the  periodic  law,  so  apparent  in  the 
elements,  has  a  wider  application  than  might  appear  at  first  siglit ;  it  opens 
up  a  new  vista  of  chemical  evolutions.  But,  while  admitting  tlie  fullest 
parollehsm  between  the  periodicity  of  the  elements  and  that  of  the  compcuiid 
radicles,  we  must  not  forget  that  in  the  periods  of  the  hydrocarbon  radicles 
we  have  a  tUcrcaie  of  mass  as  we  pass  &om  the  representatives  of  the  fiist 
group  lo  the  neitt,  while  in  the  periods  of  the  elements  the  moss  incrcanet 
during  the  progression.  It  thus  becomes  evident  that  we  cannot  sfteak  of  an 
identity  of  periodicity  in  both  coses,  imlesa  we  put  aside  the  ideas  of  mass 
tand  attraction,  which  are  the  real  oomcr-stunes  of  the  whole  of  imturid 
WsDOe,  and  even  enter  into  those  very  couceptioua  of  simple  substances  wbich 
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came  to  light  a  fhll  hundred  years  later  than  the  immortal  principles  of 
Newton.* 

From  the  foregomg,  as  well  as  from  the  failores  of  so  many  attempts  at 
finding  in  experiment  and  speculation  a  proof  of  the  compound  character  of 
the  elements  and  of  the  existence  of  primordial  matter,  it  is  evident,  in  my 
opinion,  that  this  theory  must  he  classed  among  mere  Utopias.  Bat  ntopias 
can  only  he  comhated  hy  freedom  of  opinion,  by  experiment,  and  by  new 
Utopias.  In  the  republic  of  scientific  theories  fineedom  of  opinions  is  guaran- 
teed. It  is  precisely  that  fi-eedom  which  permits  me  to  criticise  openly  the 
widely-diffused  idea  as  to  the  unity  of  matter  in  the  elements.  Experiments 
and  attempts  at  confirming  that  idea  have  been  so  numerous  that  it  really 
would  be  instructive  to  have  them  all  collected  together,  if  only  to  serve  as  a 
warning  against  the  repetition  of  old  failures.  And  now  as  to  new  ntofuas 
which  may  be  helpful  in  the  struggle  against  the  old  ones,  I  do  not  think  it 
t|uite  useless  to  mention  a  phania^  of  one  of  my  students  who  imagined  that 
the  weight  of  bodies  does  not  depend  upon  their  mass,  but  upon  the  character 
of  the  motion  of  their  atoms.  The  atoms,  according  to  this  new  ntopian.  may 
all  be  homogeneous  or  heterogeneous,  we  know  not  which ;  we  know  them 
in  motion  only,  and  that  motion  they  maintain  with  the  same  persistenee  as 
the  steUar  bodies  maintain  theirs.  The  weights  of  atoms  differ  only  in  con- 
sequence  of  their  various  modes  and  quantity  of  motion  :  the  heaviest  atoms 
may  be  much  simpler  than  the  lighter  ones :  thus  an  atom  of  memuy  may 
be  simpler  than  an  atom  of  hydrogen — the  manner  in  which  it  moves  causes 
it  to  be  heavier.  My  interiocutor  even  suggested  that  the  view  whieh 
attributes  the  greater  complexity  to  the  lighter  elements  finds  confirmatioQ 
in  the  fact  that  the  hydrocarbon  radicles  mentioned  by  PelopidaSf  while 
becomins;  lij^hter  as  they  lose  hydrogen,  change  their  properties  periodically 
in  the  same  manner  as  the  elements  change  theirs  acecM^ding  as  the  atoms 
grow  hesA-ier. 

The  French  proverb,  L<i  rriiiqme  ett  facile  maU  Vart  eti  difficUe^  bow- 
ever,  may  well  be  reversed  in  the  case  of  all  such  ideal  views,  as  it  is  mndi 
easier  to  formulate  than  to  criticise  them.  Arising  firom  the  virgin  sofl  of 
newly. e<^tablished  fiicts.  the  knowledge  relating  to  the  elements,  to  their 
nia:^5e^  and  to  the  periodic  changes  of  their  properties  has  given  a  motive 
for  the  fv^rmstion  of  Utopian  hypotheses,  pTx>baVy  because  they  could  not  be 
foreseen  by  the  aid  of  any  of  the  various  metaphysieal  systems,  and  exist, 
like  the  idea  of  srravitation.  as  an  independent  outcome  of  natural  scioice, 
ret)uiring  the  acknowledgment  of  general  laws,  when  these  have  been  estab- 
lished with  the  same  degree  of  persistency  as  is  indispensable  for  the  accept- 
ance of  a  thonou^y  established  £sct.  Two  centuries  have  eli^wed  since  the 
theory  of  gravitation  was  enunciated,  and  although  we  do  not  imderstand  its 
cause,  we  stiD  must  regard  srravitation  a?  a  fundamental  conception  of  natural 
philosophy,  a  conci^ption  which  has  enabled  us  to  perceive  much  more  than 
the  metaphysicians  did  or  could  with  their  seeming  omniscience.    A  hundred 

*  It  i»  nv*:ewc»r!£T  ihAi  lb*  T>ft4r  :n  wbick  Lavoisier  wms  Kvii  ITiS'i — the  aQthor  of 
\\»  }3«ft  of  ^lemei^ts  azad  cf  the  is3esxrDciilcI:lT  of  xrjm«T — is  latfcr  by  exmctlj  one 
cvumrr  :hAa  tb*  r^^r  in  vbSob  tbe  siitb>^r  of  tbe  tbe*.*rT  <>'  jrraTitAtica  and  macB  vaebom 
1 1^3  N.S.  .  Tbe  a£Ix*ix«  of  ihit  idmAsol  LATctfier  «£id ibctse  ol  Nevton  is  bevonddonbi. 
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jrenrs  later  the  conception  of  the  elements  aroHB ;  it  made  ehemiatry  what  it 
V  is ;  and  yet  we  have  advanced  as  littla  in  our  comprehenBion  of  aimple 
anhatanees  since  the  times  of  Lavoiaier  and  Dalton  aa  we  have  in  oiir  undar- 
Btanding  of  gravitation.  The  periodic  law  of  the  elemcnta  is  only  twenty 
j-ears  old ;  it  is  not  surprising,  therefore,  that,  knowing  nothing  about  the 
causes  of  gravitation  and  mass,  or  about  tlie  nature  of  tho  elements,  we  do 
not  comprehend  the  ra(ioflate  of  the  perioiSie  law.  It  is  only  by  collectinR 
established  laws — that  is,  bv  working  at  the  acquirement  of  truth — that  we 
can  hope  gradually  to  lift  the  veil  which  conceals  from  ua  the  cbubgh  of  the 
mysteries  of  Nature  and  to  discover  their  mutual  depondency-  Like  the 
telescope  and  the  microscope,  laws  founded  on  the  basis  of  experiment  are  the 
instruments  and  means  of  enlarging  our  mental  horizon. 

In  the  remaining  part  of  my  commtinication  I  ahall  endeavour  to  ahow, 
and  Bs  briefly  aa  possible,  in  how  far  the  periodic  law  contributes  to  enlarge 
our  mage  of  vision.  Before  the  promulgation  of  this  law  the  chemical 
elements  were  mere  fragmentary,  incidental  facts  in  Nature ;  there  was  no 
special  reason  to  expect  the  diBOovery  of  new  elements,  and  the  new  ones 
which  were  discovered  from  time  to  time  appeared  to  be  poasesaed  of  quite 
novel  properties.  The  law  of  periodicity  first  enabled  us  to  perceive  imdis- 
covered  elementB  at  a  distance  which  fonn.erly  was  inaccessible  to  chemical 
vision  ;  and  long  ere  they  were  discovered  new  elements  appeared  before  our 
eyes  possessed  of  a  number  of  well-defined  properties.  We  now  know  three 
cases  of  elements  whose  existenoo  and  properties  were  foreseen  by  tlie  instru- 
mentality of  the  periodic  law.  I  need  but  mention  the  brilliant  discovery  of 
galliuTP,  which  proved  to  correspond  to  ekBaluminium  of  the  periodic  law,  by 
Lecoq  de  Boisbaudran;  of  iranifium,  corresponding  to  ekaboron,  b3'  Nilson; 
and  of  germanium,  which  proved  to  correspond  in  all  respects  to  ekosilicon, 
by  'Winkler.  When,  in  1671,  I  described  to  the  Russian  Chemical  Society 
the  properties,  clearly  defined  by  the  periodic  law,  which  such  elements 
ought  to  possess,  I  never  hoped  that  I  should  live  to  mention  their  discovery 
to  the  Chemical  Society  of  Great  Britain  as  a  confirmation  of  the  exactitude 
and  the  generality  of  the  periodic  law.  Now  that  1  have  had  the  happiness 
of  doing  so,  I  unhesitatingly  say  that  althongh  greatly  enlarging  our  vision, 
even  now  the  periodic  law  needs  furtlier  improvements  in  order  that  it  may 
become  »  trustworthy  instnmient  in  further  discoveries.* 

I  will  venture  to  allude  to  some  other  matters  which  chemistry  baa  dis- 
cerned by  means  of  its  new  instrument,  and  which  it  could  not  have  made 

•  I  foresea  some  more  new  elementB,  bnt  not  with  the  aaine  certitude  u  before.  I 
sh^Il  pre  one  example,  and  yet  1  do  nob  see  it  qnite  diilinctlj.  In  the  wriea  which 
eontainBHg~a(M,Fb^aD6,uidBi'>a08.wecnnKneHB  the  existence  (at  UieplAreTl— II) 
at  an  element  uwli^Knai  to  l«lliiriuni,  Bbirh  we  cnn  di'H<^rib«  u  driMIInriimi,  Dt,  tu*iB|; 
an  Aioiaie  woighl  of  913,  and  the  property  (it  FnrminK  the  oiide  DtOj.  If  this  element 
reitllj  Hxisti,  it  onght  in  the  tree  iitatfl  lo  be  itn  esHily  [usible,  cr<fBta.lline.  non-valatile 
metail  of  a  grey  calniir.  hnvjog  a  density  nf  about  OS,  capable  oi giving  a  dioxide,  DtOf. 
eqaalty  endowed  with  feeble  acid  lUid  faiuic  pmperlipB.  This  dioxide  maat  giTe  on  artirs 
oxidstinn  an  nnabable  higher  oxide,  DtO,.  which  abould  reeemble  in  its  jirapertieii  PbOi 
and  BigOs.  Dri-tellnrium  hydride,  if  it  be  fnnnd  to  exist,  will  be  a  lean  Btabte 
than  «ven  HgTe.  The  componnda  of  dri-tellarinin  will  bo  easiiy  rednced,  oud  ii 
oharacteriatic  deSnite  allays  with  other  melaU. 
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OTit  withoti:  a  knowhtds^  of  thft  lav  of  poiodBcitj.  md  I  win  confine  myself 

to  simple  *r;K-=tAnces  and  to  oii-ies. 

Brf  ^re  xhe  p«nt'..dic  lav  va5  finccla:^!  u:e  atomic  weights  of  the  element! 
wer%  pirfr! y  empirical  nombers.  so  ihat  ihe  rrjigr.itnde  of  the  equivalent,  and 
the  av.micirv,  or  tiie  valie  in  57i&s»:n::  jh  p-jSecSged  br  an  atom,  could  onlv 
be  ce-t-r-i  r>y  crisically  exazmnin^  ihe  meih  xis  of  determination,  but  never 
directly  by  c  >nsiderin^  the  noznerical  v^aes  themselves ;  in  short,  we  were 
compelle'i  to  move  in  the  dark,  to  scbmit  to  the  facts,  instead  of  bein^  masters 
of  them.     I  need  not  reconnt  the  methods  which  permitted  the  periodic  law 
at  last  to  master  the  facts  relating  to  atomic  weights,  and  I  would  merely 
call  to  mind  that  it  coicpelled  us  to  modify  the  valencies  of  indtum  and 
cerium,  and  to  aasum  to  their  compounds  a  difierent  molecular  composition. 
Determinati-jus  of  the  specific  heats  of  these  two  metals  fully  confirmed  the 
change.     The  tri valency  of  yttrium,  which  makes  us  now  represent  its  oxide 
as  Y^O^  instead  of  as  TO.  was  also  foreseen  tin  1870)  by  the  periodic  law,  and 
it  now  has  become  so  probable  that  Cleve.  and  all  other  subsequent  investi- 
gators of  the  rare  metals,  have  not  only  adopted  it,  but  have  also  applied  it 
with'jut  any  new  demonstration  to  substances  so  imperfectly  known  as  those 
of  the  cerite  and  gadolinite  group,  especially  since  Hildebrand  determined  the 
specitic  heats  of  lanthanum  and  didyminm  and  confirmed  the  expectations 
suf^irested  by  the  periodic  law.    But  here,  especially  in  the  case  of  didymium,  we 
meet  with  a  series  of  difliculties  lon^;  since  foreseen  through  the  periodic  law, 
but  only  now  becoming  e%-ident.  and  chiefly  arising  from  the  relative  rarity  and 
insufficient  knowledge  of  the  elements  which  usually  accompany  didymium. 
Passing  to  the  results  obtained  in  the  case  of  the  rare  elements  beryllium^ 
scandiujTi.  and  thorium^  it  is  found  that  these  have  many  points  of  contact 
^^-ith  the  periodic  law.     Although  Avdeeff  long  since  proposed  the  magnesia 
formula  to  represent  beryllium  oxide,  yet  there  was  so  much  to  be  said  in 
favour  of  the  alumina  formula,  on  account  of  the  specific  heat  of  the  metals 
and  the  isomorphism  of  the  two  oxides,  that  it  became  generally  adopted 
and  seemed  to  be  well  established.    The  periodic  law,  however,  as  Brauner 
repeatedly  insisted  (*  Berichte,*  1878.  872 ;  1881,  53),  was  against  the  formula 
Be , O.J ;  it  required  the  magnesia  formula  BeO — that  is,  an  atomic  weight 
of  y  —  because  there  was  no  place  in  the  system  for  an  element  like  beryllium 
having'  an  atomic  weight  of  13-5.     This  divergence  of  opinion  lasted  for 
years,  and  I  often  heard  that  the  question  as  to  the  atomic  weight  of  beryllium 
threatened  to  disturb  the  generality  of  the  periodic  law,  or,  at  any  rate,  to 
require  Home  important  moditications  of  it.     Many  forces  were  operating  in 
the  controversy  regarding  beryllium,  evidently  because  a  much  more  im- 
portant (luestion  was  at  issue  than  merely  that  involved  in  the  discussion  of 
the  atomic  weightof  a  relatively  rare  element;  and  during  the  controversy  the 
periodic  law  became  better  understood,  and  the  mutual  relations  of  the  ele- 
ments ])oranio  more  apparent  than  ever  before.    It  is  most  remarkable  that  the 
victory  of  the  periodic  law  was  won  by  the  researches  of  the  very  observers 
who  previouKly  had  discovered  a  number  of  facts  in   support  of  the  tri- 
valcncy  of  beryllium.      Applying  the  higher  law  of  Avogadro,  Nilson  and 
Pettcrson  have  finally  shown  that  the  density  of  the  vapour  of  the  beryK 
lium    chloride,    BoCl^»    obliges    us    to    regard    beryllium    as    bivalent    in 


um  provej  to  be  quailrivaleot,  and  Th  -282, 
of  CliydeoiuB  and  the  rec^iureiiieDts  of  the 
oticed,  and  was  Accepted  without  opposition, 
af  ii^eat  importance  in  the  periodic 
bera,  and  bi^ve  the  highest  atomic  weights  of 
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conformity  with  the  periodic  lawJ  I  consider  the  confirmation  of  AvdfelTa 
and  Brauner'B  view  ba  important  in  the  history  of  the  periodic  law  as  the 
discovery  of  scandium,  which,  in  Nikon's  hands,  continued  the 
ekaboron. 

The  circumstance  tliat  llion 
in  accordBJice  with  the  views 
periodic  law,  passed  iihiiost  imn 
and  yet  both  tliorium  and  u 

all  the  elements. 

The  alteration  of  the  atomicweiglilof  iirani«JH  from  U  =  120into  U  =  240 
attracted  more  attention,  the  change  ha\~inK  been  made  on  accoiml  of  the 
periodic  Ifiw,  and  for  no  other  reason.  Now  thit  Roscoe,  HaQuuGlsberg, 
Zimmenuann,  and  several  others  have  admitted  the  various  claims  of  the 
periodic  Inw  in  the  case  of  uranium,  its  high  at^imio  weight  is  received  with- 
out objection,  and  it  endows  that  element  with  a  special  interest. 

While  thus  demonstrating  the  necessity  of  modifying  the  atomic  weights 
of  several  insutficienlly  known  elements,  the  periodic  law  enabled  ns  also  to 
detect  errors  in  the  determination  of  the  atomic  weights  uf  Be\'eral  elements 
whose  valencies  and  true  jiosition  among  other  elements  were  already  well 
known.  Three  eucli  cases  are  especially  noteworthy  :  those  of  telliu-ium, 
titanium,  and  platinum.  .Ber/eiius  had  determined  the  atomic  weight  of 
tellurium  to  be  12U,  wliile  the  periodic  law  claimed  for  it  an  atomic  weight 
below  that  of  iodine,  which  hod  been  fined  by  Stas  at  liB'O,  and  which  was 
certainly  not  higher  than  1*27.  Brauner  then  undertook  the  investigation, 
and  ha  has  shown  that  the  true  atomic  weight  of  tellurium  is  lower  than  that 
of  iodine,  being  near  to  125.  For  tilaniitni  tile  extensive  researches  of 
Thorpe  have  confirmed  the  atomic  weight  of  Ti  =4S,  indicated  by  the  law, 
and  already  foreseen  by  Itose,  but  contradicted  by  the  analyses  of  Pierre  and 
several  other  chemiRts.  An  equally  brilUant  confirmation  of  the  expectations 
based  on  the  periodic  law  bos  been  given  in  the  case  of  the  series  osmium, 
iridium,  platinum,  and  gold.  At  the  time  of  the  promulgation  of  the  periodic 
law.  the  determinations  of  Ber^.eliiis,  Rote,  and  many  others  gAve  the  follow- 
ing tigiures;— 

08-200;  Ir=iy7;  l't  =  10ai  An  =11)0. 


sr  proof  of  tliB 


of  berjrtliiun  wliiali  mt,y  have  piUHed 
le  KnBHiiui  cliemicol  literiitiire.  Havitig  lemu'lied  (in 
lioDB  of  chloHdca  of  mHti  Jb,  MCf „  M  mtitun  idlMI  luul*. 
unoant  of  w&ier)  tegulu'ty  increaBeii  ub  tfae  moleeulikT 
wBCB,  1  proposed  to  one  uf  oor  jonng  themirtB,  M. 
igate  Iwijtlinin  uhtnride.     1(   its  ii]i)l«]u1e  be  BeCl^ 


T  Let  ine  Identic 
aiuiotiped,  asitwu 
IMUJ  that  tliij  density  ol  such 
dl  Wktsc  (or  k  Urge  and  coast 
weigbt  of  tfie  disHolTHl  eolt 
Bnrdkhoff,  that  he  nliontd  ii 
it>  ovigbt  muiit  be  =B0:  lu 
KCI~T4'G,  snd  ligliter  Ilian  that  nf  tSgCl,»aS.  Ou  tlu!  uontraiy,  il  heryltiam  ofiloriile  jh 
a  triobforide.  BeClj-ISO,  it«  iiiolecnle  malt  Iw  IitATier  tluui  Ifuit  o(  CaCLj^lll,  anil 
lighUr  than  ttiat  of  3(nCLi»lSe.  Eiperimsut  hai  thawa  tiio  correctneBi  ot  the  former 
fammla,  the  solution  BeCl]-t-W0H,Oliaving  (at  WH')  a  deniily  of  1-018N,  thin  being  a 
higher  detiaity  thau  Chat  of  Uie  lolntion  KCI  +  3IMIH|0  t^l'OlSt),  und  lower  tliaii  that  ot 
HgClg'l-iOUI^O(cl*(K)OS).  The  bivalency  ot  berytliDin  ww  thus  conarmed  in  the  izase 
both  of  the  diflfiolved  uid  die  vaporiBed  chloride. 
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The  expectations  of  the  periodic  law^  hsve  been  confiimed,  fin!,  by  new 
determinations  of  the  atomic  weight  of  platinum  (by  Senbert,  Distmar,  and 
M*Arthnr),  which  proved  to  be  near  to  196  (taking  O  ==  16,  as  propoeed  by 
Marignac,  Braoner,  and  others) ;  secondly,  by  Senbert  having  proved  that 
the  atomic  weight  of  osmium  is  really  lower  than  that  of  platinom,  and  that 
it  is  near  to  191 ;  and  thirdly,  by  the  investigations  of  KrOss,  and  Thrape 
and  Laurie  proving  that  the  atomic  weight  of  gold  exceeds  that  of  platinom* 
and  approximates  to  197.  The  atomic  weights  which  were  thns  found  to 
require  correction  were  precisely  those  which  the  periodic  law  had  indicated 
as  affected  with  errors  ;  and  it  has  been  proved,  therefore,  that  the  periodic 
law  affords  a  means  of  testing  experimental  results.  If  we  succeed  in  dis- 
covering the  exact  character  of  the  periodic  relationships  between  the 
increments  in  atomic  weights  of  aUied  elements  discussed  by  Bidberg  in 
1885,  and  again  by  Bazaroff  in  1887,  we  may  expect  that  our  instrument 
will  give  us  the  means  of  still  more  closely  controlling  the  experimental  data 
relating  to  atomic  weights. 

Let  me  next  call  to  mind  that,  while  disclosing  the  variation  of  chemical 
properties,^  the  periodic  law  has  also  enabled  us  to  systematically  diseuas 
many  of  the  physical  properties  of  elementary  bodies,  and  to  show  that  these 
properties  are  also  subject  to  the  law  of  periodicity.  At  the  Moscow  Congress 
of  Russian  Naturalists  in  August,  1869,  I  dwelt  upon  the  relations  which 
existed  between  density  and  the  atomic  weight  of*the  elements.  The  follow- 
ing year  Professor  Lothar  Meyer,  in  his  well-known  paper,*®  studied  the 
same  subject  in  more'  detail,  and  thus  contributed  to  spread  information 
about  the  periodic  law.  Later  on,  Camelley,  Laurie,  L.  Meyer,  Roberts- 
Austen,  and  several  others  applied  the  periodic  system  to  represent  the  order 
in  the  changes  of  the  magnetic  properties  of  the  elements,  their  melting 
points,  the  heats  of  formation  of  their  haloid  compounds,  and  even  of  such 
mechanical  properties  as  the  coefficient  of  elasticity,  the  breaking  stress,  &c«, 
&c.  These  deductions,  which  have  received  further  support  in  the  discovery 
of  new  elements  endowed  not  only  with  chemical  but  even  with  physical 
properties,  which  were  foreseen  by  the  law  of  periodicity,  are  well  known ; 
so  I  need  not  dwell  upon  the  subject,  and  may  pass  to  the  consideration  of 
oxides.* ' 

"  I  pointed  them  out  in  the  Liehig'a  Annalen^  Supplement  Band.,  viii.  1871,  p.  Sll. 
^  Thus,  in  the  typical  small  period  of 

Li,  Be,  B,  C,  N,  O,  F, 

we  see  at  once  the  progresHion  from  the  alkali  metals  to  the  acid  non-metals,  such  as 
are  the  halogens. 

'®  Liebig'a  Annal^Uy  Supplement  Band.,  vii.  1870. 

1 1  A  distinct  periodicity  can  also  be  discovered  in  the  spectra  of  the  elements.  Thus 
the  researches  of  Hartley,  Ciamician,  and  others  have  disclosed,  first,  the  homology  of 
the  spectra  of  analogous  elements :  secondly,  that  the  alkali  metals  have  simplw 
spectra  than  the  metals  of  the  following  groups ;  and  thirdly,  that  there  is  a  certain  like- 
ness between  the  complicated  spectra  of  manganese  and  iron  on  the  one  hand,  and  the 
no  less  complicated  spectra  of  chlorine  and  bromine  on  the  other  hand,  and  their  like- 
ness corresponds  to  the  degree  of  analog}'  between  those  elements  which  is  indicated  by 
the  periodic  law. 
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In  indiculint;  that  llic  >;rn,dnal  increase  of  the  |)uwer  of  elements  of  com- 
bining with  oxygen  is  occompAnied  by  b  correspondini^'  decrease  in  their 
power  of  combining  with  hydrogen,  the  periodic  law  has  shown  that  there  is 
a  limit  of  oxidation,  just  as  there  is  a  well-kunwn  limit  lo  the  capacity  of 
elements  fur  combining  with  hydrogen.  A,  single  atom  of  on  element  com- 
binex  with  at  most  four  atoms  of  either  hydrogen  or  oxygen  :  and  while  CH, 
and  SiH,  repienent  the  highest  hydrides.  s(i  RiiO,  and  OsO,  are  the  highest 
oxides.  We  are  thns  led  to  recognise  types  of  oxides,  just  as  we  ha\'e  had  to 
recopniBe  t.vpes  of  hydrides." 

The  periodic  law  has  demonstrated  that  the  maximum  extent  to  which 
different  non-metals  enter  into  combination  with  oxygen  is  determined  by  tli« 
extent  to  which  they  combiue  with  hyibogen,  and  that  the  sum  of  the  niunber 
of  equivalents  of  both  must  be  equal  to  8.  Thus  chlorine,  which  combines 
with  1  atom  OT  1  equivalent  of  hydrogen,  cannot  fix  more  than  T  equivalent* 
of  oxygen,  giving  Cl,0; ;  while  siilphnr,  which  fixes 2  equivalents  of  hydrogen, 
cannot  combine  with  more  than  6  equivalents  or  3  atoms  of  oxygen.  It  thus 
becomes  evident  that  we  cannot  recognise  as  a  fundamental  property  of  the 
elements  the  atomic  valencies  deduced  from  their  hydrides ;  and  that  we 
must  modify,  to  a  certain  extent,  the  theory  of  atomicity  if  we  desire  to  raise 
it  to  the  dignity  of  a  general  principle  capable  of  affording  an  insight  into  the 
conBtitiilion  of  all  compotmd  moleoides.  In  other  words,  it  is  only  to  carbon, 
which  ia  quadrivalent  with  regiird  both  to  cixygen  and  hydrogen,  that  we  con 
apply  the  theory  of  constant  valenc.v  and  of  bond,  by  means  of  which  so  many 
still  endeavour  to  explain  the  stniclure  of  compound  molecules.  But  I  should 
go  too  far  if  I  ventured  to  explain  in  detail  the  cnnclnsions  which  can  be 
drawn  from  the  above  considerations.  Still,  I  think  it  necessftry  to  dwell 
upon  one  particiJar  fact  which  must  be  explained  from  the  point  of  view  of 
the  periinlic  law  in  order  tu  clear  the  way  to  its  extension  in  that  particular 
direction. 

The  higher  oxides  yielding  salts  the  formation  of  which  was  foreseen  by 

the  periodic  system^fbr  instance,  in  the  short  series  begiimingwith  sodium — 

Nft,0,  MgO,  A1,0„  SiO„  P.jOs,  SO,,  Clfl., 

must  be  clearly  distinguished  from  the  higher  degrees  of  oxidation  which  cor- 
respond to  hydrogen  peroxide  and  bear  the  true  character  of  peroxides.  I'er- 
oxidea  such  as  NaP^,  iJaO,,  and  the  like  have  long  been  known.    Similar 

"  Pormotly  it  wm  suiiposed  Ch»t,bfing«  bivalent  element,oijgeQ  canenter  into  any 


'<2>''"><S>'>- 


:h]urine,  fiirni  compvUtidB  sueU  aii— 
Cl-O-0— O— O— K. 
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peroxides  have  also  recently  become  known  in  the  case  of  chrominm,  sulphur, 
titaninm,  and  many  other  elements,  and  I  have  sometimes  heard  it  said  that 
discoveries  of  this  kind  weaken  the  conclusions  of  the  periodic  law  in  so  &r 
as  it  concerns  the  oxides.  I  do  not  think  so  in  the  least,  and  I  may  remark, 
in  the  first  place,  that  all  these  peroxides  are  endowed  with  certain  properties 
obviously  conunon  to  all  of  them,  which  distingoish  them  firom  the  actual, 
higher,  salt-forming  oxides,  especially  their  easy  decomposition  by  means  of 
simple  contact  agencies ;  their  incapacity  of  forming  salts  of  the  common 
type  ;  and  their  capacity  of  combining  with  other  peroxides  (like  the  &calty 
which  hydrogen  peroxide  possesses  of  combining  with  bariam  peroxide,  dis- 
covered by  Schoene).  Again,  we  remark  that  some  groups  are  especially 
characterised  by  their  capacity  of  generating  peroxides.  Such  is,  for  instance, 
the  case  in  the  sixth  group,  where  we  find  the  well-known  peroxides  of 
sulphiu*,  chromium,  and  uranium ;  so  that  further  investigation  of  peroxides 
will  probably  establish  a  new  periodic  function,  foreshadowing  that  molyb- 
denum and  timgsten  will  assume  peroxide  forms  with  comparative  readiness. 
To  appreciate  the  constitution  of  such  peroxides,  it  is  enough  to  notice  that 
the  peroxide  form  of  sulphur  (so-called  persulphuric  acid)  stands  in  the  same 
relation  to  sulphuric  acid  as  hydrogen  peroxide  stands  to  water : — 

H(OH),  or  H.,0,  responds  to  (OH) (OH),  or  H.0,„ 
and  so  also — 

H(HSO,),  or  H^SO^,  responds  to  (HS0,)(HS0,),  or  K»SA. 

Similar  relations  are  seen  everywhere,  and  they  correspond  to  the  principle 

of  substitutions  which  I  long  since  endeavoured  to  represent  as  one  of  the 

chemical  generalisations  called  into  life    by  the  periodic  law.     So   also 

sulphuric  acid,  if  considered  with  reference  to  hydroxyl,  and  represented  as 

follows — 

HO(SO,OH), 

has  its  corresponding  compound  in  dithionic  acid — 

(S020H)(S0,0H),  or  H,S,0,. 

Therefore,  also,  phosphoric  acid,  HO(POH.>0..),  has,  in  the  same  sense,  its 
corresponding  compound  in  the  subphosphoric  acid  of  Saltzer : — 

(POH,0,)(POH^O,),  of  H,P,0, ; 

and  we  must  suppose  that  the  peroxide  compound  corresponding  to  phosphoric 
acid,  if  it  be  discovered,  wiU  have  the  following  structure  : — 

(R,PO,),  or  H,P,0,  =  2H,0  +  2P03.''' 
As  far  as  is  known  at  present,  the  highest  form  of  peroxides  is  met  with  in 

**  In  this  sense,  oxalic  acid,  (COOH)^,  also  corresixmds  to  carbonic  acid,  OH(COOH ), 
in  the  same  way  that  dithionic  acid  corresponds  to  sulphuric  acid,  and  subphosphoric 
acid  to  phosphoric  ;  therefore,  if  a  peroxide  corresponding  to  carbonic  acid  be  obtained, 
it  will  have  the  structure  of  (HC0-)2,  or  HnCoO,-,  =  H.jO  +  €,0^  So  also  lead  must  hmT* 
a  real  i)eroxide,  Pb-^Os. 
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the  peroxide  of  uiamum,  UU,,  prapareiH  by  Fairley ; "  while  OsU,  is  the 
highest  oxide  giving  saJte.  The  line  of  argument  which  ia  inspired  by  the 
periodic  law,  so  far  from  being  weakened  by  the  discovery  of  peroxides,  is 
thuG  actually  strengthened,  and  we  must  hope  that  a  further  exploration  of 
the  region  under  consideration  will  confirm  the  applicabihty  to  chemistry 
f;eneraUy  of  the  principles  deduced  from  the  periodic  law. 

Permit  mo  now  to  conclude  rny  rapid  sketcli  of  the  oxygen  compounds  by 
the  observation  that  the  periodic  law  is  especially  brought  into  evidence  in 
the  case  of  the  oxides  which  constitute  the  immense  majority  of  bodies  at  our 
disposal  on  the  itturface  of  the  earth. 

The  oxides  are  evidently  subject  to  the  law,  both  as  regards  their  clieuiical 
and  their  physical  properties,  especially  if  we  take  into  account  the  cases  of 
polymerism  which  are  so  obvious  when  comparing  CO.j  with  Si.Oj,.  In  order 
to  prove  this  I  give  the  densities  a  and  the  specific  volumes  v  of  the  higher 
oxides  of  two  short  periods,  To  render  comparison  easier,  the  oxides  are  all 
represented  as  of  the  form  B,0..  In  the  column  beaded  A  the  differences 
u  the  volume  of  the  oxygen  couipoiind  and  that  of  the  parent 


element,  divided  by  n- 

Na,0  2-6  M 

Mg,0, S-6  2a 

AL,0, 4-0  20 

8L,0^  2-66  45 

P.Oj   2-3il  r>9 

8,0,    1-9G  8^ 


that   is,  by  the  number  of  a 


KjO a-7  85 

Ca,,0  a-15  8(i 

sc,o, s-m  85 

LLjO. 4-2  88 

v,o,  H-49  sa 

Cr.Oo a-74  78 


1  the 


9-5 


I  have  nothing  to  add  to  tliese  figures,  except  that  like  relations  appear  in 
other  periods  as  well.  The  above  relations  were  precisely  those  which  made 
it  possible  for  me  to  be  certain  that  the  relative  density  of  ekasilicon  oxida 
would  be  about  4'7 ;  genuauiiun  oxide,  actually  obtained  by  Winkler,  provedi 
in  fact,  to  have  the  relative  density  4'703. 

The  foregoing  account  is  far  from  being  an  exhaustive  one  of  all  that  has 
already  been  discovered  by  means  of  the  periodic  law  telescope  in  the  boimd- 
less  realms  of  chemical  evolution.  Still  less  is  it  an  exhaustive  account  of  all 
that  may  yel  be  seen,  but  I  trust  that  the  little  which  I  have  said  will  account 


in  understaDdiag  the  i 
UOj,  a  puroxide  of  un 
M  hydrogen  peroxide  i 
depoijt  ia  obtuiued  which  hm  1 


un  prepiired  b;  Furle;  seem  ki  me  e»p«ciall}'  iiiHtrUGti*e 
By  the  action  of  hydrogen  peroiide  dd  uTBuium  oiide. 
J,.4H^,  IB  obtained  (U  ^3401  if  the  aolntion  be  scidi  but 
uiuin  oiide  in  the  pteaence  of  canatjc  lodii,  b  cryutatline 
le  composition  N«i,UO»,*H,0,  a    "        "       "    " 


tiun  of  sodinro  peroxide,  SiijOj,  with  uranium,  peroxide,  UOj.  It  is  possible  that  the 
FoimBr  pemiide.  U0i,4H,0.  contains  the  elements  of  hydroKeu  peroxide  and  uranium 
peroiide,  UjOi,  or  even  U(OH)a,H,aj,  like  the  peroxide  of  tin  recently  diseovorod  by 
Spring,  wliic}i  haa  the  cnnititotion  SD-iO^.H-iOti. 

"  A  thus  represents  the  average  inrreaso  of  volume  for  each  atom  of  oxygen  oon- 
Inini-d  in  the  higher  ualt-forming  oiide.  Tba  acid  oxides  give,  an  a  rule,  a  bighar 
value  nl  A,  nhile  in  the  cane  of  the  strongly  alkaline  oxides  its  value  is  usuallj  negative' 
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for  the  philosophical  interest  attached  in  chemistry  to  this  law.  Although 
hut  a  recent  scientific  generalisation,  it  has  already  stood  the  test  of  laboratory 
verification,  and  appears  as  an  instrument  of  thought  which  has  not  yet  been 
compelled  to  imdergo  modification ;  but  it  needs  not  only  new  applications, 
but  also  improvements,  further  development,  and  plenty  of  fresh  energy.  All 
this  will  surely  come,  seeing  that  such  an  assembly  of  men  of  science  as  the 
Chemical  Society  of  Great  Britain  has  expressed  the  desire  to  have  the  his- 
tory of  the  periodic  law  described  in  a  lecture  dedicated  to  the  glorious  name 
of  Faraday. 
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NOTE   ON   THE    DISCOVERY  OF    HYDRO- NITROUS  ACID, 
NaH.     (HYDROGEN    NITRIDE,    AZOIMIDE). 

BY   PHOFEBSOR    MENDELeEFF. 


I   THK  JOORSAL    OF  THE 
flOCIETT,   VOL.    XXII.    1890, 


physico-chemicaij 


Aitona  the  brUliant  discoveries  made  in  chemical  acieiice  during  the  current 
year,  wemuBt  number,  besides  the  preparation  of  the  compound  NilCO)^,'  the 
diecoveiy  made  by  Cunius  ('  Ber '  23,  8023),  who  demonstrated  the  existence 
of  the  compound  N,U.  the  mode  of  its  preparation,  and  its  analogy  with  the 
halogen  acids.  Although  I  have  not  pubhshed  any  paper  respecting  the  poi- 
sibility  of  the  existence  of  such  a  compound,  still  I  have  foreseen  it  in  conse- 
quence of  the  oonsiderations  developed  in  my  communication  on  the  nitrile^ 
to  the  first  meeting  of  (he  Hussion  oaturaliats  (18S7),  and  in  the  first  eilition 
<1868-1870)of  my 'Principles  of  Chemistry.'  Ithinkit  may  not  be  superfluous 
to  publish  these  considerations  now,  because  in  my  opinion  they  may  help  to 
explain  the  structure  of  the  compound  N,H,  and  to  indicate  the  position 
which  it  should  occupy  among  the  other  known  compounds  of  nitrogen,-  iind 

1  Tlie  compoaition  nnd  plopertles  ol  Ni(CO),  inTestigated  b;  Luiger.  Monil,  aud 
Qainclie  are  so  nev,  inatmctive,  uid  important  tor  tbe  periodio  syatem  ol  the  elemimta 
tbU.  owing  to  the  poiubility  o(  oblaining;  unrh  Dneipected  mibalancei,  a  tnsh  itiniolBa 
has  arisen  (or  tbe  reinveiitigntian  of  the  dabt  respeotiug  tlw  pn>p«Tties  of  the  most 
eomiQon  elementa.  And  I  think  many  im  portant  diiicaTerieB,  like  that  made  by  Ciutioa, 
maj  atiU  be  looked  for  in  the  prorinceii  of  aalphar  and  nitrogen, 

'  Aa  nilrogen  givea  gaseous  molecnlea  NO,  NBj,  Had  NO},  whiuL  contain  oiiu  alow  ol 
nitrogen,  therelore  the  nitrogm  in  them  in  either  bi-  or  In.  or  qaadnralent  compared 
with  hydrogen.  And,  as  tbiB  elemeol  forma  alao  malecntea  N]0.  XjO^,  unil  NgOj,  which 
contain  two  atoms  of  nitrogeri,  therefore  N^  appears  to  he  equal  to  Bj,  Ha,  and  H|„.  In 
NUjCl,  NOg(OH),  and  other  compounds,  the  oitrogen  is  seen  to  be  iininqnivaleat.  Th«e 
considerations  alone,  without  eateiing  iuto  details,  show  that  the  compounds  of  nitrogen 
eaunot  be  understood  by  the  acceptuicd  of  that  method  of  building  np  molecules  from 
atomx  having  ■  constant  Talenoy  which  tbe 'structuralists  '  mnsider  sofRcient  for  the 
comiirehenaiou  of  the  lormation  of  nearly  all  carbon  compounds  (CO  forms  an  nniTenally 
known  exception).     For  this  reason  I  think  that  the  study  o< 
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perhaps  also  help  to  point  out  the  reactions  and  new  methods  of  preparation 
of  this  remarkable  acid,  whose  existence  should  tend  to  throw  a  light  on  the 
nature  of  the  metallic  compounds  of  nitrogen,  many  points  as  to  which  are 
not  clear.  But  in  order  to  render  clear  the  conclusions  arrived  at,  it  will  be 
necessary  to  touch  on  certain  general  conceptions  connected  with  the  periodic 
system. 

If  an  element  K  gives  a  compound  RX„  with  univalent  elements  X — for 
example,  with  the  halogens — then  the  corresponding  salt-forming  hydrate 
will  be  RO^(OH)„_„„  in  which,  however,  the  total  nimiber  of  oxygen  atoms 
never  exceeds  four,  because  it  is  one  of  the  peculiarities  of  the  periodic  system 
that  it  shows  a  correspondence  (1)  between  the  composition  of  the  hydride 
and  that  of  higher  salt-forming  oxides  of  all  elements,  and  (2)  between  the 
composition  of  the  hydrates  and  hydrogen  compounds.  If  an  element  B 
forms  RH,  then  it  gives  oxides  of  the  composition  ^.fi  to  B,fi^y  and  hydrates 
from  ROH  to  RHO^  or  R03(0H),  as  the  salt- forming  oxides  and  hydrates ; 
to  an  element  which  forms  BH^  there  correspond  the  higher  oxides  RO,  and 
RH^Oj  or  R0-j(0H)2 ;  and  to  those  elements  which  give  RH,  there  corre- 
spond the  higher  salt-forming  hydrate  RH^O,  or  R0(0H)3,  and  consequently 
the  higher  oxide  R^O^,  &c.  These  now  universally  known  relations  may  be 
expressed  thus  :  (I)  the  siun  of  the  valencies  of  hydrogen  and  oxygen  atoms 
(in  the  higher  salt-forming  oxide)  which  can  combine  with  any  element  is 
equal  to  eight  (for  instance,  8H.^  and  SO, ;  PH,  and  P^O.) ;  (2)  the  number  of 
atoms  of  oxygen  in  the  higher  salt-forming  hydrate  is  four — for  example, 
HClOj,  HjSO^,  H3PO4 — and,  as  a  consequence  of  the  first  two  conclusions, 
(8)  the  maximiun  amount  of  hydrogen  in  the  salt-forming  hydrates  of  the 
oxides  does  not  exceed  the  amount  of  hydrogen  in  the  hydride  of  the  element 
when  the  hydride  is  a  gaseous  compoimd  of  the  formula  RH^. 

Hence  it  is  evident,  firstly,  that  an  element  R,  which,  like  nitrogen  for 
example,  forms  compoimds  RH3  and  K^O.,,  or  in  general  RX3  and  RX^,  does 
not  form  a  saline  hydrate  R(OH)j,  although  R(0H)3  is  capable  of  existence. 
Secondly,  that  even  the  highest  hydrate  RHjO^  ma}*  lose  a  portion  of  this 
water,  and  give  incomplete  hydrates,  such  as  PH^O^  =  P0(0H)3 :  P^H^O^ 
=  [P0(H0)J20    and  PO^(OH),  for    example.      Thirdly,    that   the    normal 

and  especially  of  those  which  pass  into  vapour  and  resemble  the  compoand  N5H,  should 
not  only  lead  to  the  extension  of  onr  experimental  data,  but  also  aid  the  progress  of  that 
theory  of  chemical  structure  which  started  almost  exclusively  from  data  respecting  the 
carbon  compounds,  in  which  the  tyx>e  CX4  appears  with  particular  force  owing  to  the  fact 
of  its  giving  CH4  and  CO^  as  limiting  compounds  of  equal  valency.  In  nitrc^n,  which 
gives  NH5  and  N3O5  (likewise  in  sulphur,  which  forms  SH^  and  SO5),  there  is  no  longer 
this  equality,  and  in  the  sense  of  the  periodic  law  there  cannot  be,  and  therefore  the  further 
perfection  of  the  conception  of  the  chemical  structure  of  molecules  can  be  looked  for 
sooner  in  the  compounds  of  this  element  than  in  those  of  carbon.  In  this  paper  I 
endeavour  to  avoid  the  formulation  of  the  conception  touching  on  this  aspect  of  hydro- 
nitrous  acid,  and  I  will  here  only  compare  N3H  and  H-,N  in  order  to  show  the  equivalence 
of  N2  and  H<2  as  well  as  of  the  atoms  in  a  free  state,  for  both  gases  give  molecules  N|  and 
Hj.  Therefore,  guided  by  those  conceptions  of  substitutions  which  have  been  given  by 
me  in  my  London  lecture  (Appendix  I.)  we  may  expect  to  obtain  N.2H2,  as  a  oombinn- 
tion  of  the  residues  of  N3H  and  NH";.  If  NaH.2  be  obtained,  then  the  series :  NH3,  N^H^, 
and  N5H  will  give  a  much  greater  insight  into  the  internal  properties  of  nitrogen  than 
the  common  recognition  of  this  element  a**  quadri-,  tri-,  or  quinqui-valent. 
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I  saIu  iif  aay  elemeut  tmist  correBpond  with  the  hjiliates  urihat 
element,  and  consequently  uiny  contain  oxygen  ntnniB  other  tban  thotie 
which  unite  the  Amnionimii  radicles  to  the  element  It ;  as,  for  example,  in 
KO,,{ONH;),  SO,(0H)(ONH,).  CO(OH)iONH.J,  CO(ONH,)^  COH(ONH.),  Ac. 
Such  autmnnium  cunipoiindB,  an  losing  water,  yield  awides  and  nitriJee. 
If  the  loss  of  water  is  limited  by  the  passage  of  the  renidue  ONH,  into  NHo, 
then  amides  are  produced  ;  for  example,  farmomide,  (10(NH.j)H,  correspond^ 
with  anmiouiniu  formate,  CO{ONH.)H. 

If  the  oxygen  and  hydrogen  are  evulved  Iroin  the  amides  in  the  furm  of 
water,  which  can  only  take  place  in  the  above- in entioaed  ainmoniiiin  salts 
which  contain  an  exeeBB  of  oxygen  (forexauiple,  NO./ONHj,Ac.).  then  nilriUui 
are  formed.  Thus  to  nitric  ncid  there  corresponds  the  oitrile  NGN,  or  nitrous 
oxide,  N,0,  and  to  fbniiic  acid  there  correeponds  the  nitrile  CNH,  or  hydro- 
cyanic acid,  and  in  general  the  amides,  RCO-NH,,  and  nitriles.  B'CN,  or 
cyanides,  corresponii  with  the  carboxyl  compounds,  Il-COOH,  Tlie  lunide 
corresponding  with  acid  ammonium  sulphate,  SOj(OH){ONK,),  will  contain 
805(OH)(XH,) ;  and  the  nitrile  SO,,HN.  of  which  there  may,  moreover,  be 
two  possible  isomerides;  SO,:KH,  in  which  the  hydrogen  is  governed  or 
held  by  the  nitrogen — i.e.  where  it  exiRts  as  the  ammonia  residne  NH 
(imidogen),  which  is  united  by  two  bonds  with  the  SO.j  group ;  the  other, 
80(0H)N,  in  which  the  hydrogen  is  held  as  hydroxyl.'' 

Ah  the  nitriles  are  fonued  by  a  dual  lose  of  molecules  of  water,  they  are  able, 
firstly,  to  combine  twice  with  various  other  molecules:  secondly,  to  combine 
among  theniBelves  ;  and  thirdly,  to  polym-erise  into  di-  and  tri-polymerides ; 
for  example,  to  the  nitrile  of  carbonic  aeid  (cyanic  acid),  CHON,  corresponds 
the  polymeric  fortu  C,H,OjN,,  cyaniirio  acid. 

It  is  evident  that  if  we  regard  as  perfect  hydrates  only  such  as  contain  a 
given  element  in  union  with  hydroxyl  only — for  example,  Na(OH),  Ti(OH),, 
Ac. — then  nitriles  call  only  be  expected  to  be  obtained  from  imperfect  hydrates, 
snch  aa  SO.j(OH).,  PO(OH).„  Ac. 

.\8  amides  are  equal  to  hydrates  + NH, -H,0,  it  is  obvious  that  tfaare 
must  be  an  analogy  and  equivalency  between  the  direct  combination  of  water 
and  aniinonia.  And  therefore  direct  combinations  with  ammonia  essentially 
proceed  imdcr  the  inllnence  of  the  same  farces  as  produce  hydrates,  and  the 
compounds  produced  should  show  the  properties  of  aniideH.  If  sulphuric 
anhydride  couibme  with  ammonia,  forming  amido- com  pounds,  then  a  similar 
character  should  be  ascribed  to  the  compoands  of  salts  with  ammonia,  which 
is  not  only  confirmed  in  the  cobalt- ammonium  and  similar  compounds, 
bat  even  in  the  direct  absorption  of  ammonia  by  many  salts — for  example, 
by  calciimi  clUoride,  copper  sulphate,  ke.  And  as  CnSO,  absorbs  5NH,,  just 
as  it  abo  combiner  with  5H,0,  we  see  in  the  quantitative  aspect  of  this,  as 
in  many  other  examples,  a  confituiatioa  of  the  above-mentioned  correlation 
between  the  compounds  of  ammonia  and  water. 

I  AlUiDuifh  I  un  '>lili)!«l,  (or  the  wuttt  oF  otbei  nieuiH  ol  eipresiioii,  to  ap«ak  ol  Uie 
bonils  of  elementH,  stitl  I  do  not  iinderatuid  Iliein  iu  the  general  utatical  tente  ol  this 
word,  bnt  in  thut  dynoiuiMt  iwuh  wliich  I  endBavonred  to  eipreia  in  my  above-mentioned 
London  lectnre  (Appendix  I-), 
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It  is  necessary  to  take  all  these  f&ctB*  into  consideration,  in  order  that  the 
representation  respecting  hydronitrous  acid,  N3H,  should  be  understood.  We 
must  first  of  all  turn  to  the  ammonium  compounds  of  nitric  acid  as  a  starting 
point.  And  in  order  that  all  the  relations  should  be  more  self-evident,  «• 
will  start  from  the  anhydrides  of  nitric  and  phosphoric  acids. 

As  nitrogen  and  phosphorus  give  NH,  and  PH,,  thaar  highest  possible 
hydrates  are — 

Meta.     N.,0^,HaO  and  P,0,,H,0  -  2PO(OH)3  -  2H.,0 
Pyro-    ^fi^,2n^0  and  P,65,2H,0  =  2PO(OH)3  -  H.,0 
and  Ortho.     NjO,,3H,0  and  P^O^^H^O  =  2PO(OH)3. 

The  perfect  hydrates,  on  the  other  hand — for  example,  N^O^tSHjO 
=  2N(0H)., — belong  to  those  unstable  compounds  which  are  generally  simply 
regarded  as  solutions.^  The  ortho-  and  pyro-hydrates  of  nitric  acid  must  also 
be  regarded  as  unstable  compounds,  whereas  the  corresponding  derivatives  of 
phosphorus  have  long  been  known  as  distinct  and  individual  hydrates,  on 
account  of  the  existence  of  the  corresponding  salts.  As,  on  the  other  hand, 
in  its  basic  mercury  and  lead  salts^  nitric  acid  shows  a  tendency  to  form  ortho- 
salts,  the  fact  that  nitrogen  compounds  analogous  to  hydrogen  disodium 
phosphate,  PO(OH)(ONa)(ONa),  cannot  be  easily  produced  is  simply  one  of 
the  peculiarities  which  distinguish  nitrogen  from  phosphorus,  and  which  show 
tlie  relative  stability  of  phosphoric  anhydride  and  ammonia  as  compared 
with  nitric  anhydride  and  phosphine,  PH3.  It  may,  therefore,  be  considered 
probable  that  in  addition  to  the  ordinary  or  ammonium  meta-nitrate, 
NO.^'ONH^,  the  ammonium  pyro-  and  ortho-nitrates,  or  di-  and  tri-ammonium 
compounds,  NO(OH)(ONH4)2  and  N0(0NH^)3,  and  their  corresponding 
amides  or  anhydro-  derivatives  N0,(0NHJ,NH3,  and  N02(ONHJ,2NH5,  are 
capable  of  existence.  Thus  the  latter  is  the  ortho-  salt,  N0(0NHj3,  deprived 
of  water.  Both  these  anhydro -aumionium  compounds  have  in  fact  been 
described  by  Divers  (1872),  who  considered  them  to  be  solutions  in  which  the 
tendency  of  ammonimn  nitrate  to  liquefy  anhydrous  ammonia^  is  exhibited; 
but  in  the  following  year  Raoult  proved  that  the  liquid  produced  in  this  way 
has  a  definite  composition  NO.^(NH40),2NH3,  and  that  between  —  l(f  and 
+28°  it  is  decomposed  into  a  definite  solid  compound  NO.^(ONH4),NH3,  which 
in  turn  is  readily  dissociated  when  heated,  with  liberation  of  ammonia." 

*  They  are  more  fully  developed  in  the  body  of  this  work. 

*  In  my  work  on  The  Investigation  of  Aqueous  Solutions  According  to  tlieir  Specific 
Gravity,  1887,  p.  8C1,  it  is  shown  that  at  present,  bo  long  as  there  are  no  more  accnrate 
determinations  for  the  specific  gravities  of  nitric  acid,  we  must,  on  the  basis  of  the  varia- 
tion of  the  density  of  the  solutions,  recognise  the  existence  of  a  hydrate  HNOspSH^O 
which  is  nothing  else  than  N(0H)5  or  NaOsjSH^O. 

"  This  vol.  pp.  61  and  188. 

7  This  is  one  of  the  many  historically  instructive  examples  which  prove  that  atpresoit 
only  an  artificial  distinction  is  made  between  solutions  and  definite  compounds,  and  that 
there  is  no  real  fundamental  difference. 

B  The  explanation  of  the  combination  of  ammonia  with  ammonium  nitrate  may  be 
applied  to  a  number  of  other  cases  of  the  combination  of  ammonia  with  salts,  and  may 
even  explain  the  different  degrees  of  stability  of  such  compounds.    These  consideratioiis 
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These  cotiipounds,  then,  the  exiiteoce  of  which  wns  rendered  prubftble 
from  the  concIusiauB  arrived  at  above,  cotrespnnd  with  the  imperfect  hj'dratea 
(ortho-,  tiieta-.  and  pyro-)  of  nitric  acid,  atid  iiiuBt  therefore  have,  in  certain 
reepecls,  the  eharact«r  of  amidea,^  in  which  case  it  is  to  be  expected  tliat  the; 
would  be  converted  into  nitrilex  by  the  further  Iohb  uf  the  elements  of  water. 
Assuming  the  elimination  of  water  to  be  as  complete  as  possible,  we  should 
obtain — ■ 

From  NH.N0,-2H.,O  the  nitrilo  N„0, 
.,      NH,N0'SH,-8H..0  the  nitriie  N,H. 
.,      NH,N0,3NH,-i(H,0  the  nitrile  N,H,. 

The  firet  of  theee  anbstancea  has  lotig  been  known  as  nitrous  oxide,  and 
the  two  others  have  now  been  obtained  by  Cartius  in  the  form  of  hydronitroas 
acid  and  ila  ainmoiiiHm  salt.  N,NH,. 

Having  thus  enunciated  the  relations  that  I  consider  to  exist  between  the 
snbatancea  discovered  by  Curtius  and  the  views  deduced  by  me  from  the 
periodic  law,  and  having  shown  the  relatioDs  in  which  the  newly- discovered 
substances  stand  to  the  other  nitrogen  compounds.  I  consider  it  necessary  to 
turn  to  the  properties  of  hydronitruus  aciil.  which  at  fiist  sight  seem  very 
unexpected,  but  which  may,  however,  be  sufficiently  explained  on  the  basisof 
the  above  representationH,'" 

We  must  first  turn  our  attention  to  the  ijuaiititative  aspect  of  the  subject 
^that  is,  to  the  tact  that  amides  and  uitriles  proceed  from  anuuoniiuu  salts, 
in  which  the  presence  of  auunonium,  with  its  four  atoms  of  hydrogen,  must 
be  recognised.  Therefore  it  may  be  supposed  that  two  of  these  atoms  of 
hydrogen  are  eliminated  in  the  form  of  water  in  the  formation  of  amides,  and 
the  remaining  two  in  the  further  loss  of  water—  that  is,  in  the  passage  of  the 
amides  into  nitriles.     And  therefore — 

The  simplest  and  most  plausible  representation  of  the  conversion  of 
ammonima  salts  into  amides  and  nitriles  conseoutively  in  obtained  by  the 
supposition  that,  in  tlie  first  place,  the  elements  of  water  are  eliminated 
solely  at  the  expense  of  the  hydrogen  of  the  ONH,  group ;  it  is  in  this  way 

oblige  one  In  tetk  for  unide  reactiona  in  tlioae  numerouii  oompoaatlH  which  iire  known 
between  ulti  uid  uiimonia. 

*  This  may  be  eiprewed  by  foimlilie ;  for  elunple,  for  thn  orthu-iumpouiids  (with 
3NHj|bysepuatingIhef[Tonpa|NH,},thuiiN03(ONH,),3NH,,-NO(ONH,)(ONH,](MHi|. 
Themono-iUDmaninmeomponnd,  if  itifonnalBbeaotdoDblediUimaJie  it  uomBpond  with 
the  pynvnlt),  will  be  KO,(ONH,)NH3'.NO|ONH4)(OH)(NHi),  and  it  this  be  trnt),  one 
would  expect  »lts  NO(ONH,)(OM)(NH,)^MNO],WUi,  and  the  faniiiitiiHi  of  ethylene, 
HHtytene,  uid  otlter  correHpanding  deriTStives. 

■0  In  one  o(  my  anpubliahrd  nolfo,  dated  IHTL  or  1873,  after  having  mpreued  the 
composition  of  NsH  and  N,H,,  I  directly  preBOppoeed  that,  if  these  bodie*  were  able 
to  exist  and  did  not  polymerise,  they  would  bv  un  acid,  and  a  salt  which  (like  CNONH,) 
would  suffer  intramolecalar  change  aud  pass  into  a  syinmelrical  amide,  NHg-N:M'NH, 
Itike  nrea).  The  improbnbillly  of  their  compoeitioti,  and  thfl  umall  prubahilitr  of  these 
■Qbstauces  existing  in  a  stable  form,  together  with  the  fact  that  I  w>fl  then  ocoDpied 
with  other  ■nbjeota,  kept  me  from  publishing  my  bypothetieal  reflections,  the  essence  of 
Hhicli  I  iiuw  ctmunanicate,  although  I  know  ibtl.  poif  /acfum.  they  have  not  the  same 
■ignlScaiiue  which  they  wonld  have  had,  had  they  been  published  in  1071  or  1871. 
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that  all  acid  amides  are  prodaced.  For  example,  if  an  organic  acid  have  the 
composition  RCOOH,  then  its  anmionium  salt  is  RCOONH^,  and  its  amide 
should  be  expressed  by  RCONH.^.  When,  however,  the  oxygen  of  the  ONH^ 
and  OH  groups  has  been  taken  away,  any  further  loss  of  wa^r  can  only  take 
place  by  the  combination  of  the  hydrogen  in  the  amido-gronp  with  the  oxygen 
conukined  in  the  acid  radicle.  Thus  in  the  above  example  of  an  oi^^anic  add, 
the  transformation  of  the  amide  into  the  nitrile  can  only  be  accomplished  by 
the  formation  of  water. at  the  expense  of  the  NH^  and  CO  groups,  and  there- 
lore  the  nitriles  of  sueh  acids  have  the  structure  of  cyanogen  compoonds, 
RC'N  ;  this,  as  is  well  known,  is  verified  by  experiment. 

On  applying  these  considerations  to  the  formation  of  hydronitrous  acid, 
we  find  that  it  is  necessary  to  start  from  ortho-nitric  acid,  NO(OH)(OH)(OH), 
or  rather  frx>m  the  corresponding  di-ammonium  salt,  K0(0H)(0NHJ(0NH4), 
which,  judging  from  the  above,  by  the  elimination  of  four  molecules  of  water, 
gives  water  at  the  expense  of  all  the  contained  oxygen,  and  of  the  hydrogen 
of  the  ammonium — that  is,  there  is  formed  KKNN,  in  whidi  two  of  nitrogen 
remain  from  ammonium  groups,  and  only  one  atom  of  nitrogen  from  ni^c 
acid,  whilst  the  hydrogen  atom  also  belongs  to  the  elements  of  ortho-nitnc 
acid.'*  Hence  this  hydrogen  should  have  the  same  character  as  in  acids, 
and  not  as  in  ammonia ;  considering  also  the  energetic  acid  property  of  nithc 
and  nitrous  acids — compared  with  carbonic  acid,  for  example,  and  the 
position  occupied  by  nitrogen  in  the  periodic  system  which  assigns  to  it  more 
marked  acid-forming  properties  than  carbon — it  follows  that  the  compound 
N3H  should  have  a  distinctly  acid  character,  being  a  nitrile.  This  conclusion 
is  based  on  the  &ct  that  hydrocyanic  acid,  the  nitrile  of  formic  acid,  has  a 
distinctly  acid  character,  notwithstanding  that  the  hydrogen  atom  of  the 
nitrile,  when  forming  a  component  of  the  molecule  of  formic  acid,  is  not  re- 
placeable by  metals,  and  that  it  is  under  the  influence  of  carbon — a  feebler 
acid-forming  element  than  nitrogen.  The  hydrogen  atom  in  hydrocyanic 
acid  has  evidently  acquired  a  feeble  acid  character  under  the  influence  of  the 
nitrogen  and  carbon  as  acid  elements.'*^  And  since  the  hydrogen  atom  in 
hydronitrous  acid  is  in  combination  only  with  such  a  distinctly  acid  element 
as  nitrogen,  it  should  acquire  the  property  of  being  replaceable  by  metals, 
even  to  a  greater  degree  than  the  hydrogen  atom  in  hydrocyanic  acid,  so 

I  *  According  to  the  hjrpotheais  of  the  stracturalistH  the  stmctare  of  hydroaitroas  acid 
may,  in  this  Henae,  be  expressed  by  taking  one  of  the  component  nitrogen  atoms  aa 
quinquivalent,  and  united  to  H  and  2N  by  its  five  aflSnities,  and  both  the  other  atoms  of 
nitrogen  as  trivalent,  and  united  together  by  one  affinity.  It  may  be  more  simply,  hot 
just  as  hypothetically,  supposed  that  one  nitrogen  is  trivalent  and  uniting  both  H  and 
2N  by  its  affinities,  and  supposing  that  these  two  nitrogens  are  univalent,  as  in  nitixms 
oxide,  NoO.  The  latter  mode  of  representation  expresses  the  near  relation  existing 
between  nitrous  oxide  and  hydronitrous  acid,  as:  NHs  +  NoO^H^O-hNHN^. 

^'  The  fact  that  carbon  has  a  distinct,  although  feeble,  acid  character  is  easily  seen  in 
the  hydrocarbons  containing  a  small  amount  of  hydrogen  (for  instance,  acetylene),  beoanae 
the  hydrogen  of  such  hydrocarbons  is  replaceable  by  metals.  The  connection  between 
acetylene  and  hydrocyanic  acid  is  beyond  doubt.  Besides  which,  it  is  known  from 
L.  N.  Shiskoff's  researches  that  nitroform,  or  triuitromethane,  CHfNO})^,  has  sharply 
defined  acid  properties,  owing  evidently  to  the  presence  of  such  acid  elements  as  the 
nitro-  group  and  carbon. 
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that  the  coiupoimd  N^H  must  have  the  properties  of  an  acid.  That  nitrngen 
has  a  more  distinctly  aoid  cbarneter  than  carbon  ii  also  seen  bom  the  faet 
that  the  liydrogea  in  ammonia  is  more  readily  and  directly  replaced  by 
metals— for  instance,  by  sodium — than  the  hydrogen  in  miirBh  gas  or  ethane; 
this  is  mainly  due  to  the  ditterent  nature  nf  aitrogen  and  carbon,  as  is  also 
esiiresaed  by  their  respective  positions  in  the  periodic  system  of  the  ele- 
ments. 

Thus  it  seems  to  me  that  the  acid  character  of  N.^H  is  as  easily  understood 
as  that  of  hydrooyanic  acid,  although  they  are  both  nitriles. 

If  hydronitrouB  acid  is  really  a  nitrile  it  should,  like  the  cyanogen  com- 
pounds, have  many  peculiar  properties.  As  certain  of  these  relations  have 
not  yet  been  investigated  for  hydronitrons  acid,  I  think  it  ivill  not  be  super- 
fluous, in  passing;,  to  mention  those  which,  in  my  opinion,  may  he  found  to  a 
greater  or  less  extent  iti  a  further  research  into  the  substances  discovered  by 
Giirtius. 

The  most  romarkable  properties  shown  by  the  cyanides  are  :  (1)  Polymeri- 
sation ;  for  example,  the  formation  of  oyanniric  acid,  soUd  cyanogen  chloride, 
tic.  (2)  The  iacultyof  giving  complex  compotmds  (for  example,  the  fonnation 
of  stable  double  salts  like  K,FeC„N„) ;  and  (S)  Isomerism— for  instance,  the 
passage  of  ammonium  cyanate  into  urea,  Ac— which  for  a  long  time  confused 
the  study  of  these  compounds,  but  which  can  now  be  foreseen  from  the 
feet  that  the  cyanides  are  substances  which  can  proceed  from  the  loss  of 
water  from  amiuoniiuii  salts.  Thus  the  faculty  of  forming  polymerides 
and  co[iiplex  salts  should  be  tmderstood  as  n  propensity  to  combine  with 
forei(^  molecules  in  the  place  of  those  molecules  of  water  which  have  been 
separated  in  the  formation  of  cyanides. 

Properties  resembling  these,  with  certain  individual  ditferonces,  should 
lie  met  with  iu  the  nitriles  of  nitric  acid,  or  in  the  compounds  discovered 
by  Cnrtius,  if  they  are  nitriles,  as  may  be  thought  from  the  above. 

For  example,  the  ammoniiim  salt  of  hydronitrous  iieid,  N,|'NH,.  as  a 
clearly  uaymmetrieal  compoimd,  to  a  certain  extent  analogous  lo  ammouium 
cyanate,  will  probably  under  certain  circuinHtances  (perhaps  on  heating  its 
solution)  undergo  intramolecular  change  aad  be  converted  into  a  syiumetrical 
amide  NH/N:N'N~&.,  corresponding  with  the  amid o- nitrile  of  tri-am- 
moninm  orthonitrate,'N0(ONH,K0NH,)(nNHj. 

Eipially  to  be  desired  would  be  a  resenreh  on  the  double  salts  of  hydro- 
nitrous  acid,  all  the  more  as  the  general  charocCeT  {eg.  the  insohibility  of  the 
silver  salt)  of  the  salts  of  this  iicid  recall  the  properties  of  the  cyanides.  If 
we  suppose,  for  inatanre.  that  it  forms  a  double  salt  with  iron  and  potassium, 
then  it  will  probably  give  a  series  of  cliarncteristically- coloured  salts  like  the 
ferrocyanides,  and  also  a  series  of  coni|Hii]nds  corresponding  with  prussian 
blue.  t'e.N.,.,  which,  if  capable  of  existence  in  a  hydrate,  would  doubtless  be 

As  regards  the  faculty  of  hydronitrous  acid  and  its  derivatives  for  poly, 
iiierisution,  it  may  be  assumed  that  this  is  nlreody  indicated  by  the  behaviour 
of  the  analogous  compounds  of  idiosphorriB,  This  is  probably  i^onnected 
with  the  fact  that  phosphorus,  the  analogue  of  nitrogen,  polymerises  more 
easily  than  it,  as  is  seen  not  only  in  the  varieties  of  ordinary  and  red  phoB- 
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phorus,  but  also  in  the  fact  that  the  molecule  of  phosphorus  vapour,  even  at 
very  high  temperatures,  contains  P4,  and  does  not  give  P,,  whilst  nitrogen  is 
only  known  in  the  state  of  N.^.  In  fiEtct,  as  the  vapour  density  of  chlorphosph- 
amide  (Gladstone,  AYichelhaus)  indicates  a  molecule  of  the  form  P^N^Cl^,  so 
also  phospham  is  probably  a  polymeride  of  the  composition  (PN,H)m,  and  not 
an  exact  analogue  of  hydronitrous  acid,  although  it  offers  some  resemblance 
to  it,  inasmuch  as  it  contains  the  elements  in  the  ratio  PHN.^.'^ 

At  all  events,  the  further  investigation  of  hydronitrous  acid  and  its  deriva- 
tives should  be  the  means  of  throwing  much  light  on  our  store  of  knowledge 
of  the  natm'e  of  nitrogen  and  its  compounds — that  is,  it  is  desirable  that  this 
subject  should  be  worked  out  in  aU  its  details,  and  there  is  reason  to  think 
that  this  would  much  aid  the  further  progress  of  all  chemical  data. 

1^  An  examination  of  the  composition  and  properties  of  phospham  given  by  me  in 
the  Principlei  of  Chemistry  (1st  edition),  was  the  natural  source  from  which  I  arrived 
at  the  prediction  of  the  existence  of  NHN2  which  I  mentioned  above. 
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—  chloranhjdride,  ii.  169 

—  peroxide,  ii.  242 
Acetonitrile,  ii.  63 
Acetylene,  i.  346,  354,  360 
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Air,  i.  221 
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—  nitrate,  ii.  76 

—  silicates,  ii.  1 1 6 
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—  in  air,  i.  241 
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—  bromide,  i,  487 
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—  salts,  i.  251 
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—  iodide,  ii.  182 
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—  oxychloride,  ii.  182 

—  pentasulphide,  ii.  215 
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Apatite,  ii.  145 
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Aragonite,  i.  602 
Argyrodite,  ii.  120 
Arsenates,  ii.  174 
Arsenic,  ii.  17^ 

—  acid,  ii.  174 

—  anhydride,  ii.  174 

—  antidotes  for,  ii.  178 

—  distinction  from  antimony,  ii.  176 

—  fluorides,  ii.  174 

—  Marsh's  test  for,  ii.  175 

—  molecular  weight  of,  ii.  177 

—  occurrence  of,  ii.  173 

—  oxychloride,  ii.  173 

—  sulphides,  ii.  216 

—  tribromide,  ii.  174 

—  trichloride,  ii.  173 

—  tri-iodide,  ii.  174 
Arsenides,  ii.  176 

Arsenioiis  anhydride,  ii.  176,  179 
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Arsenites,  ii.  178 
Arseniuretted  hydrogen,  ii.  175 
Astrakhanite,  i.  589 
Atmolysis,  i.  156 
Atomic  heats,  i.  575 

—  theory,  i.  215 

—  volumes,  i.  492  ;  ii.  32 

—  weights,  i  571 

determination  of;  by  periodic  law, 

ii.  23,  26 

Stas'  experiments  on,  ii.  401 

Atomicity,  i.  407,  674 

—  invariable,  ii.  77 

Atoms  and  molecules,  i.  216,  312,  315 

—  mean  distance  between,  ii.  32 
Augites,  ii.  114,  116 

Auric  chloride,  ii.  412 

—  oxide,  ii.  413 
Aurous  chloride,  ii.  414 

—  oxide,  ii.  414 
Avidity,  chemical,  i.  433 
Azoimide,  ii.  455 
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Bacteria  in  water,  i.  44 
Barium,  1.  604 

—  chlorate,  i.  477 

—  chloride,  i.  606 
solubility  of,  i.  606 

—  hydroxide,  i.  607 

—  metatungstate,  ii.  281 

—  nitrate,  i.  606 

—  oxide,  i.  156,  607 
solubility  of,  i.  607 

—  peroxide,  i.  156,  608 

—  platinocyanide,  ii.  361 

—  preparation  of,  i.  608 

—  salts,  solubility  of,  i.  608 

—  sulphate,  i.  427,  605 
Bases,  i.  182 
Basicity  of  acids,  i.  376 
Bauxite,  ii.  72 
Benzene,  nitro-,  i.  267 
Berthollet's  doctrine,  i.  423,  493 
Beryl,  i.  609 

Beryllium,  i.  609 

—  atomic  weight  of,  i.  318,  575,  609 

—  oxide,  i.  609 

—  salts  of,  i.  610 
Bicarbonates,  solubility  of,  i.  518 
Bismuth,  ii.  182 

—  and  lead,  resemblance  between,  ii.  1 86 

—  carbonate,  ii.'184 

—  extraction  of,  ii.  183 

—  hydroxide,  ii.  184 

—  nitrates,  ii.  185 

—  occurrence  of,  ii.  183 

—  pentoxide,  ii.  183 

—  suboxides,  ii.  182 
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Bismathous  oxide,  ii.  184 
Blast  furnace,  ii.  308 
Bleaching  powder,  i.  161,  471 
Bloomery  process,  ii.  312 
Boiling  point,  absolute,  i.  135 
Bones,  composition  of,  ii.  145 
Boracite,  ii.  58 
Borax,  ii.  58,60 
Boric  acid,  ii.  59' 
solubility  of,  ii.  61 

—  anhydride,  ii.  61 
Boron,  ii.  67 

—  amorphous,  ii.  63 

—  and  aluminium,  ii.  63 

—  bromide,  ii.  66 

—  chloride,  ii.  66 

—  crystalline,  ii.  63 

—  fluoride,  ii.  64 

—  nitride,  ii.  64 

—  sulphide,  ii.  69 

—  trioxide,  ii.  67 
Brass,  ii.  385 
Braunite,  ii.  291 
Bromine,  i.  487 

—  preparation  of,  i.  488 

—  properties  of,  i.  489 

—  solubility  of,  i.  489 

—  vapour  tension  of,  i.  489 
Bronze,  ii.  122 

Brucite,  i.  587 
Buckton's  salt,  ii.  370 


Cadmium,  ii.  44 

—  compounds,  heat  of  formation  of,  ii.  48 

—  iodide,  ii.  45 

—  oxide,  ii.  45 

—  sulphate,  ii.  45 

—  sulphide,  ii.  45 
Csesium,  i.  668 
Calc  spar,  i.  601 
Calcedony,  ii.  105 
Calcium,  i.  581.594 

—  aluminate,  ii.  73 

—  borate,  ii.  58 

—  carbonate,  i.  583,  601 

acid  salt  of,  i.  601 

and  sugar,  i.  599 

colloidal  form  of,  i.  602 

crvstallo-hydrate  of,  i.  601 

dimorphism  of,  i.  601 

dissociation  of,  i.  599 

—  chloride,  crystallo- hydrate  of,  i.  6Q4 
solubility  of,  i.  604 

—  chlorite,  i.  613 

—  dichromate,  ii.  267 

—  fluoride,  i.  484 

—  bydrosulphide,  ii,  214 

—  hydroxide,  i.  582 
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Calcium  iodide,  i.  641,  595 

—  oxide,  i.  596 

—  pentasulphide,  ii.  214 

—  peroxide,  i.  598 

—  phosphate,  ii.  161 

—  phosphide,  ii.  152 

—  preparation  of,  i,  594 

—  properties  of,  i.  694 

—  silicates,  ii.  116 

—  sulphate,  i.  420,  602 

double  salts  of,  i.  603 

solubility  of,  i.  603 

—  sulphide,  i.  612  ;  ii.  214 

—  sulphite,  ii.  220 
Carbamides,  i.  397 
Carbon,  i.  326 

—  allotropic  forms  of,  i.  339 

—  atomic  heat  of,  i.  576 

—  bisulphide,  ii.  249 

heat  of  combustion  of,  ii.  250 

—  estimation  of,  i.  372 

—  molecule,  complexity  of,  i.  341 

—  monosulphide,  ii.  249 

—  oxysulphide.  ii.  254 

—  reactions  of,  i.  338 

—  tetrachloride,  i.  467 
Carbonates,  i.  376 
Carbonic  anhydride,  i.  367 

composition  of,  i.  368 

decomposition  of,  i.  381 

in  air,  i.  235 

liquefaction  of,  i.  373 

occurrence  of,  i.  368 

preparation  of,  i.  370 

properties  of,  i.  373 

solubility  of,  i.  79 

—  oxide,  i.  386 

combinations  of,  i.  392 

dissociation  of,  i.  388 

properties  of,  i  391 

preparation  of,  i.  390 

Carbonyl  chloride,  ii.  168 
Carboxvl,  i.  384 
CamalUte,  i.  410,  636,  689 
CasseFs  paint,  ii.  13.> 
Catalytic  phenomena,  i.  210 
Celestine,  i.  605 
Cellulose,  nitro-,  i.  268 
Cementation,  ii.  312 
Cements,  ii.  117 
Cerite  metals,  ii.  88 

separation  of,  ii.  90 

Cerium,  ii.  88 

—  and  the  periodic  law,  ii.  26 

—  fluoride,  i.  483 
Chamber  crystals,  ii.  223 
Charcoal,  i.*332,  336 

—  absorptive  power  of,  i.  337 
Chemical  action.    See  iNTEBcnANOB 

—  affinity,  i.  26 
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Chemical  avidity,  i.  433 

—  energy,  i.  30 

—  equiUbriam,  i.  33 

—  mechanics,  i.  29,  498 
China-ware,  ii.  71 
Chloranhyctides,  i.  461 ;  ii.  167 
Chlorates,  i.  476 

Chloric  acid,  i.  476 

—  peroxide,  i.  478 
Chlorides,  i.  448,  460 
Chlorine,  i.  463 

—  and  ammonia,  i.  469 

—  and  hydrocarbons,  i.  465 

—  and  hydrogen,  action  of  light  on, 
I  i.  458,  459 

—  and  oxygen,  relation  between,  i.  466 

—  and  the  law  of  substitution,  i.  464 

—  bleaching  action  of,  i.  464 

—  chemical  character,  i.  463 

—  crystallo-hydrates  of,  i.  467,  468 

—  monoxide,  i.  473 

thermal  data  for,  i.  475 

—  oxides,  i.  475 

—  preparation  of,  i.  464 

—  preparation  of,  by  Coleman's  pro- 

cess, i.  457 

—  preparation  of,  by  Deacon's  process, 

i.  456 

—  preparation  of,  by  Weldon's  process, 

i.  456 

—  preparation  of,  by  Weldon-Pechiny's 

process,  i.  455 

—  properties  of,  i.  467 

—  solubility  of,  i.  457 
Chloroform,  i.  467 
Chlorophosphamide,  ii.  172 
Chloroplatinophosphorous  acid,  ii.  363 
Chlorosulphonic  acid,  ii.  258 
Chlorous  acid,  i.  475 

Chromates,  ii.  268 
Chrome  alum,  ii.  272 

varieties  of,  ii.  272 

Chrome-iron-ore,  ii.  266 
Chromic  anhydride,  ii.  269 

—  chloranhydride,  ii.  270 

—  chloride,  ii.  274 

—  oxide,  ii.  274 

—  salts,  modifications  of,  ii.  273 
Chromium,  ii.  266 

—  dioxide,  ii.  270 

—  fluoride,  ii.  269 

—  hydroxides,  ii.  273 

—  metallic,  ii.  274 

—  nitride,  iL  275 

—  occurrence  of,  ii.  265 

—  oxychlorides,  ii.  276 

—  peroxide,  ii.  271 
Chromous  oxide,  ii.  275 

—  salts,  ii.  275 
Chromyl  chloride,  ii.  270 
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Chryseone,  ii.  101 
Chrysoberyl,  ii.  76 
Cinnabar,  ii.  46»  216 
Clay,  u.  116 

—  composition  of,  ii.  69 

—  formation  of,  ii.  66 

—  plasticity  of,  ii.  70 
Coal,  i.  334 

Cobalt  chloride,  i.  94 

—  hydroxides,  ii.  338 

—  occurrence,  ii.  335 

—  ores,  treatment  of,  ii.  336 

—  oxides,  i.  161 

—  position  of  in  the  periodic  system, 

ii.  333 

—  sulphate,  ii.  338 
Cobaltamine  salts,  ii.  339 
Cobaltic  oxide,  ii.  340 
Coke  towers,  i.  442 
Collodion,  i.  268 
Colloids,  i.  62 ;  ii.  73,  110 
Columbite,  ii.  190 
Combining  weights,  L  21 
Combustion,  i.  163,  330 

—  heat  of,  L  170 

Compounds,  complex,  theory  of,  ii.  366 

—  definite  and  indefinite,  i.  32, 103 
Contact  action,  i.  38,  480,  620 
Copper,  ii.  373  . 

—  action  of  acids  on,  ii.  377 

—  and  ammonia,  ii.  377 

—  arsenites,  ii.  178 

—  carbonate,  ii.  383 

—  carbonates,  basic,  ii.  383 

—  dioxide,  ii.  378 

—  hydride,  ii.  381 

—  nitrate,  basic,  ii.  383 

—  nitride,  ii.  382 

—  ores,  ii.  374 

—  peroxide,  ii.  378 

—  phosphates,  ii.  163 

—  position  of,  in  the  periodic  system, 

ii.  371 

—  salts,  spectra  of,  i.  564 

—  smelting,  ii.  376 

—  thiosulphates,  ii.  226 

—  See  al4o  CuPRic  and  CuPBOUS 
Corrosive  sublimate,  ii.  61 
Corundum,  ii.  72 

Crenic  acid,  i.  333 

Crookesite,  ii.  87 

Cryohydrates,  i.  97 

Cryolite,  i.  484  ;  ii.  47,  81 

Crystalline  form  and  composition,  ii.  7 

Crystallisation,  ii.  7 

Crystallo-hydrates,  i.  96,  101 

Crystalloids,  i.  63 

Crystals,  i.  61 

Cupellation,  ii.  387 

Cupric  oxide,  ii.  381,  378 
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Cupric  nitrate,  ii.  383 

—  sulphate,  ii.  384 
Cuprous  chloride,  ii.  380 

—  cyanide,  ii.  381 

—  fluoride,  ii.  381 

—  iodide,  ii.  381 

—  sulphite,  ii.  380 
Cyamelide,  i.  398 
Cyanic  acid,  i.  398 
Cyanides,  i.  400,  544 
Cyanogen,  i.  394,  404 

—  chloride,  ii.  169 

—  compounds,  1.  394 

polymerism  of,  i.  398 

Cyanuric  add,  i.  393 
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Datholite,  ii.  58 
Decipium,  ii.  92 

Densities  of  vapours  and  gases,  deter- 
mination of,  1.  293 
Detonating  gas,  i.  114 
Diacetylene,  i.  355 
Dialysis,  i.  63 ;  ii.  108 
Diamond,  i.  340 
Dianic  acid,  ii.  190 
Diaspore,  ii.  72 
Didymium,  ii.  88 

—  absorption  spectrum  of  salts  of,  L  558 
Dimercurammonium  hydroxide,  ii.  53 
Dimetaphosphoric  acid,  ii.  163 
Dimorphism,  i.  601 
Dtphosphamide,  ii.  171 
Disinfection,  i.  242 

Disodium  orthophosphate,  159 
Dissociation,  i.  36,  600 

—  measure  of,  i.  275 

—  of  nitrogen  peroxide,  i.  275 

—  tension,  i.  599 
Dithionates,  ii.  247 
Dithionic  acid,  ii.  246 
Dolomites,  i.  583 

Double  decomposition,  i.  423,  505 
Dyeing,  ii.  74 
Dyes,  fixed,  ii.  73 


E 


Eau  de  Javelle,  i.  471 
Efflorescence,  i.  101 
Ekaaluminium,  ii.  25,  84 
Ekaboron,  ii.  25,  89 
Ekacadmium,  ii.  55 
EkasiUcon,  ii.  24,  120 
Electricity,  chemical  effect  of,  i.  37 
Electro-plating,  i.  543 
Electrolysis,  ii.  44 


FLI 

Elements,  i.  19 

—  complexity  of,  i.  562  ;  ii.  406 

—  grouping  of,  i.  569,  481,  492  ;  ii.  1, 

16,19 

—  intrinsic,  i.  23 

—  of  copper  group,  ii.  371 

—  of  4th  group,  even  series,  ii.  139 

—  of  5th  group,  ii.  144 

—  of  5th  group,  even  series,  ii.  186 

—  of  6th  group,  even  series,  ii.  265 

—  of  8th  group,  ii.  302 

—  of  iron  group,  ii.  334 

—  symbols  of,  i.  21  • 

—  typical,  i.  18 

Emerald,  i.  609  ^ 

Emulsions,  i.  96  . 

Endothermal  reactions,  i.  146 
Enstatite,  ii.  113 
Equations,  chemical,  i.  271 
Equilibria,  chemical,  i.  33,  212,  427; 

ii.  420 
Equivalents,  chemical,  i.  193,  572 
Erbium,  ii.  90 
.Eremteffite,  ii.  58 
Ethanes,  i.  354 

BtbyU  compoundB  of  Hg«  Zn,  6,  mud  O, 
ii.  193 

—  metasilicate,  ii.  98 

—  orthosilicate,  ii.  98 

—  platinocyanide,  ii.  361 
Ethylbenzene,  i.  346 
Ethylene,  i.  354,  358 
Euchlorine,  i.  487 
Eudiometer,  i.  167 
Euxenite,  ii.  89 
Exothermal  reactions,  i.  146 
Explosives,  ii.  53 


F 


Felspabs,  ii.  66.  115, 117 
Ferric  acid,  ii.  326 

—  chloride,  ii.  324 

—  comfiounds,  ii.  321 

—  hydroxides,  ii.  323 

—  nitrate,  ii.  324 

—  oxide,  ii.  323 

colloidal  form  of,  ii.  324 

—  phosphates,  ii.  325 
Ferrocyanides,  i.  401 ;  ii.  324 
Ferromanganese,  ii.  311 
Ferrous  chloride,  ii.  320 

—  comfiounds,  ii.  321 

—  hydroxide,  ii.  320 

—  iodide,  i.  642 

—  sulphate,  ii.  320  * 
solubility  of,  i.  71 

—  sulphide,  ii.  203 
Flames,  i.  175 
Flint,  ii.  106 


476 


PRINCIPLES   OF  CHEMISTRY 


FLU 

Fluoborates,  ii.  65 

Flnorides,  i.  486 

Fluorine,  i.  483 

Flaosilicates,  ii.  101 

Fordos  k  Geils'  salt,  ii.  414 

Formic  acid,  i.  393 

Fraaenhofer  lioes  in  spectmm,  i.  563 

Freezing  mixtures,  1.  75 

Fuel,  gaseous,  i.  386 

—  heat  evolved  in  combustion  of,  i.  347 
Fulminates,  ii.  52 

Furnace,  blast,  ii.  308 
— :  regeneratfve,  i.  387 

—  reverberatory,  i.  513 
Fusco-cobaltic  salts,  ii.  340 


G 


Gadolinitb,  ii.  88 

—  metals,  ii.  88 

separation  of,  ii.  90 

Galena,  ii.  129 
Gallium,  ii.  25,  84 

—  chloride,  ii.  78 
Galvanoplastic  art,  ii.  384 
Gas  generator,  i.  386 

—  coal-,  i.  348 

—  producer,  i.  386 

Gases   and  liquids,  relation   between, 
i.  139 

—  coefficient  of  solubility  of,  i.  68 

—  collection  of,  i.  125 

—  density  of,  i.  293 

—  kinetic  theory  of,  i.  80 

—  latent  heat  of  and  molecular  weight, 

i.  321 

—  liquefaction  of,  i.  133,  136 

—  maximum  tension  of,  L  134 

—  moisture  in,  calculation  of,  i.  40 

—  occlusion  of,  i.  141 

—  permanent,  i.  133 

—  preparation  of,  i.  126 

—  relation  between  volume  and  mole- 

cular weight  in,  i.  320 

—  tension  of  liquefied,  i.  134 

—  velocity  of  sound  through,  i.  321 

—  vis  viva  of,  i.  321 
Gelatin,  ii.  109 
German  silver,  ii.  344 
Germanium,  ii.  25,  120 

—  and  the  periodic  law,  ii.  120 

—  chloride,  ii.  120 

—  oxide,  ii.  120 
Germs  in  air,  i.  239 
Gilding,  elecifo-,  ii.  415 
Glass,  composition  of,  ii.  118 

—  manufacture  of,  ii.  119 

—  soluble,  ii.  106 
Glasses,  ii.  62 


HYD 

Glauber  s  salt,  i.  609 
Glauberite,  i.  603 
Glycol,  ii.  1 11 
Gold,  U.  407 

—  assay  of,  ii.  411 

—  chlorides,  ii.  412 

—  cyanides,  double,  ii.  414 

—  fulminating,  ii.  414 
---  hydroxide,  ii.  413 

—  occurrence,  ii.  409 

—  oxides,  ii.  413 

—  refining,  ii.  414 

—  salts,  double,  ii.  413 

—  thiosulphates,  double,  ii.  414 

—  Sec  cUso  Auric  and  Aubous 
Graduators,  i.  413 

Graphite,  i.  339 
Graphitic  acid,  i.  340 
Gros's  salt,  ii.  367 
Guignet's  green,  ii.  273 
Gimcotton,  i.  268 
Gunpowder,  i.  648 
Gypsum,  i.  584,  602 


H 


Haematite,  ii.  304 

Halogen  acetates,  i.  671 

Halogens,  atomic  volumes  of,  1.  492 

—  combinations  of,  i.  603 

—  grouping  of,  i.  481,  492 

—  properties  of,  i.  481,  493 

—  thermal  data  for,  i.  487,  496 
Haloid  salts,  i.  449 
Hausmanite,  ii.  291 

Heat  evolved  in  combustion    of  fuels, 
i.347 

—  latent,    and    molecular   weight    of 

gases,  i.  321 
of  evaporation  and  dissociation, 

i.  600 
of  fusion  of  some  metals,  i.  620 

—  of  combustion,  determination  of,  i. 

170 
Heavy  spar,  i.  605 
Helmium,  i.  561 
Hemimorphisni,  ii.  8 
Hexametaphosphoric  acid,  ii.  164 
Holmium,  ii.  88 
Homeomorphism,  ii.  2, 8 
Homologous  series,  i.  345 
Humic  substances,  i.  332 

—  acid,  i.  3.33 
Hydrargillite,  ii.  72 
Hydrates,  i.  107 
Hydrazine,  i.  287 

Hydrides,  heat  of  formation  of,  i.  601 
Hydriodic  acid,  i.  497 

dissociation  of,  i.  498 

gaseous,  preparation  of,  i.  498 
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Hydriodic  acid,  hydrocarbons  and,  i.  600   , 

sp.  gr.  of  solutions  of,  i.  600 

Hydrobromic  acid,  i.  497 

crystallo-hydrates  of,  i.  600 

gaseous,  preparation  of,  i.  498 

sp.  gr.  of  solutions  of,  i.  600 

Hydrocarbons,  i.  326,  342 

—  heat  of  combustion  of,  i.  347 

—  isomerism  of,  i.  366 

—  of  CbH^  series,  i.  356 

—  of  CnBLp,+2  series,  i.  346 

—  polymerism  of,  i.  366 

—  saturated,  i.  344 

—  structure  of,  i.  386 

—  types  of  substitution  in,  i.  363 ;  ii,  428 

—  unsaturated,  i.  354 
Hydrochloric  acid,  i.  444 

—  crystallo-hydrate  of,  i.  444 

—  decomposition  of,  i.  453 

—  heat  of  formation  of,  i.  469 

—  heat  of  solution  of,  i.  446 

—  preparation  of,  i.  440,  443 

—  rate  of  diffusion  of  in  solutions,  i.  446 

—  solubility  of,  i.  446 

—  sp.  gr.  of  solutions  of,  i.  446 

—  sp.  heat  of  solutions  of,  i.  446 
Hydrochlorides,  i.  460 
Hydrocyanic  acid,  i.  400,  402 
Hydroferricyanic  acid,  ii.  332 
Hydrof  errocyanic  acid,  ii.  330 
Hydrofluoboric  a<3id,  ii.  66 
Hydrofluoric  acid,  i.  486 

polymerisation  of,  i.  486 

Hydrofluosilicic  acid,  ii.  100 
Hydrogels,  ii.  73,  109 
Hydrogen  and  non-metals,  heat  of  com- 
bination with,  ii.  201 

—  and  oxygen  compounds,  types  of, 

ii.  357 

—  density  of ,  i.  130,531 

—  nitride,  ii.  455 

—  occlusion,  i.  141 

—  pentasulphide,  ii.  211 

—  peroxide,  i.  206 

—  polysulphides,  ii.  211 

—  preparation  of,  i.  121 

—  reactions  of,  i.  143 

—  solubility  of,  i.  142 
Hydronitrons  acid,  ii.  455 
Hydroplatinocyanic  acid.  ii.  361 
Hydroruthenocyanic  acid,  ii.  362 
Hydrosols,  i.  97  ;  ii.  73.  109 
Hydroxyl,  i.  211 
Hydroxylamine,  i.  286 
Hypochlorous  acid,  i.  473 
Hyponitrites.  i.  287 
Hypophosphates,  ii.  155 
Hj-pophosphoric  acid,  ii.  165 
Hypopliosphorous  acid,  ii.  166 
Hyposulphurous  acid,  ii.  222 


ITA 

I 

lOE,  temperature  of  fonnation  of.  i.  90 

Ilmenic  acid,  ii.  190 

Imides,  i.  264 

India-rubber,  passage  of  gas  through, 

i.  155 
Indium,  ii.  86 

—  oxide,  ii.  34 

Interchange  between  acids  and  alcohols, 
i.  429 

—  between  the  halogens,  i.  493 

—  algebraical  expression  for,  i.  430 

—  Berthelot's  and  8t.  Giiles  experiments 

on,  i.  429 

—  Gladstone's  experiments  on,  i.  428 

—  Gustavson's  experiments  on.  1.  435 

—  Malaguti's  experiments  on,  i.  427 

—  Ostwald*s  experiments  on,  i.  433 

—  Thomsen's  experiments  on,  i.  431 
Iodic  acid,  i.  501 

—  sp.  gr.  of  solutions  of,  i.  602 
Iodine,  i.  490 

—  absorption  spectrum,  i.  668 

—  metalepsis  with,  i.  466 

—  monochloride,  i.  603 

—  preparation  of,  i.  490 

—  reducing  action  of,  i.  490 

—  solubility  of,  i.  491 

—  trichloride,  i.  603 

—  vapour  density  of,  i.  313 
Iridious  oxide,  ii.  357 
Iridium,  ii.  367 

—  an<l  the  periodic  law,  ii.  26 

—  chlorides,  ii.  357,  369 

—  separation  of,  ii.  367 
Iron,  ii.  302 

—  arsenite,  ii.  178 

—  cast,  ii.  310 

—  combinations  of,  ii.  327 

—  cyanogen  oomfiounds  of,  ii.  328 

—  electro-deposition  of,  ii.  314 

—  magnetic  oxide,  ii.  321 

—  meteoric,  ii.  344 

—  nitrates,  basic,  ii.  326 

—  ores,  ii.  304 

—  oxides,  reduction  of  by  hydrogen, 

ii.  306 

—  passive  state  of,  ii.  319 
:    —  properties,  ii.  317 

—  pyrites,  ii.  303 

—  recalescence  of,  ii.  317 

—  smelting  of,  ii.  306 

—  spectrum,  i.  662 
I    —  sulphide,  i.  3 

I    —  wrought,  ii.  311 

—  See  also  Ferric  and  Tbrboub 
Isomerism,  i.  202  ;  ii.  1,  3 

—  of  arsenic  and  sulphur  compounds;' 

ii.  172 
Itacolumnite,  i.  341 
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Kaihite,  i.  589 

Kai^erite,  i.  590 

Kaolin,  ii.  67 

Kermes  mineral,  ii.  215 

Kinetic  theory  of  gases,  i.  80 


Lakes,  ii.  73 

Lamp,  safety,  L  362 

Lanarkite,  ii.  133 

Lanthanum,  iL  88 

Lapis  lazuli,  ii.  80 

Law,  Avogadro-Gerhardt*8,  i.  303,  309 

—  Berthollet's,  i.  380 

—  Bojle-Mariotte's,  i.  131 

—  Dalton's,  i.  40 

—  Gay-Lussac*8,  i.  132 

Ist,  i.  297 

2nd,  i.  300 

—  Henry  and  Dalton^s,  i.  78 

—  Kirchhoffs,  i.  569 

—  of  combining  volumes,  i.  297 

—  of  combining  weights,  L  219 

—  of  crystalline  form,  ii.  7 

—  of  even  numbers,  i.  344,  364 

—  of  indestructibility  .of  matter,  i.  6 

—  of  limits,  i.  346,  364 

—  of  nft^'W"'"  work,  i.  119 

—  of  multiple  proportions,  i.  107,  213 

—  of  partial  pre«ures,  i.  81 

—  of  periodicity,  ii  16.  435 

—  of  specific  heats,  1.  574 

—  of  substitutions,  i.  266,   363,  384  ; 

ii.  397,  422 
Lead,  ii  129 

—  acetates,  ii.  131 

—  carbonate,  ii.  135 

—  chloride,  ii.  134 

—  chromate,  ii.  181,  268 

—  hydroxides,  ii.  132 

—  iodide,  ii.  135 

—  nitrate,  ii.  134 

—  ores,  ii.  129 

—  oxides,  ii.  132 

polymerisation  of,  ii.  134 

—  oxychlorides,  ii.  134 

—  peroxide,  ii.  137.  139 
-  salts,  ii.  133 

—  sesquioxide,  ii.  137 

—  smelting,  ii.  130 

—  suboxide,  ii.  132 

—  sugar  of,  ii.  131 

—  siilphate,  ii.  1 29 

—  sulphide,  ii.  129 

—  tetrethyl,  ii.  138 

—  thiosulphate,  ii.  225 
LeadhiUite,  ii.  133 


MAK 

Lepidolite,  i.  566 
Leucone,  iL  101 
Levigation,  ii.  68 
Light,  chemical  effect  of,  i  38 
Lime,  slaked,  i.  597 
Lime-kilns,  i.  695 
Limestones,  i.  583 
Limits,  law  of,  i.  345,  354 
Liquids  and  gases,  relations  between, 
i.  139 

—  maximum  tension  of,  i.  134 

—  viscosity  of,  i.  342 
Litharge,  iL  132 
Lithium,  i.  666 

—  carbonate,  L  666 

—  chlorate,  i.  480 

—  oxide,  i.  666 

—  preparation  of,  1.  666 

—  spectrum  of,  i.  665 
Litmus,  i.  184 

Liver  of  sulphur,  ii.  214 
Lixiviation,  methodical,  L  613 
Luteo-cobaltic  salts,  ii.  339 


M 


Maokesium,  L  681 

—  ammonium  salts,  i.  588 

—  carbonate,  i.  683,  588,  692 

—  chloride,  i.  593 

—  hydroxide,  i.  587 

—  nitride,  i.  686 

—  orthophosphates,  ii.  161 

—  oxide,  i.  687 

solubility  of,  L  588 

—  platinocyanide,  ii.  361 

—  potassium  chloride,  i.  689 

—  preparation  of,  L  685 

—  salts,  i.  687 

basic,  i.  592 

double,  i.  168 

sp-  gr.  of  solutions  of,  i.  692 

—  silicates,  ii.  116 

—  sulphate,  i.  590 

crystallo-hydrates  of,  i.  591 

3! agnesium  light,  i.  586 
Magnus'  salt,  iL  367 
Malachite,  ii.  374 
Manganese,  ii.  287 

—  dioxide,  ii.  293 

—  fluoride,  ii.  483 

—  metallic,  ii.  294 

—  ores,  ii.  293 

—  oxides,  ii.  291,  293 

—  peroxide,  i.  168 

—  position  of  in  the  periodic  system* 

ii.  289 
Manganous  chloride,  ii.  292 

—  cyanides,  ii.  293 
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MAN 

Manganous  salphate,  ii.  292 

Margnerite  s  salt,  i.  540 

Marsh  gas,  i.  348,  352 

Mass  of  atoms  and  their  properties,  ii.  27 

—  influence  of,  i.  33,  382,  426 
Massicot,  ii.  132 

Matches,  mannfactare  of,  ii.  148 

Matter,  indestructibility  of,  i.  6 

Mechanics,  chemical,  i.  29,  498 

Melchior,  ii.  386 

Melting  point,  i.  489  ;  ii.  84 

Mendipite,  ii.  135 

Mercuric  and  mercorous   compounds, 

ii.  48 
Mercury,  ii.  45 

—  and  ammonia,  ii.  52 

—  and  chlorine,  i.  474 

—  chlorides,  ii.  50 

—  compounds,  heat  of  formation  of,  ii.  48 

—  cyanide,  ii.  52 

—  fulminating,  ii.  52 

—  iodide,  ii.  52 

—  nitrates,  ii.  48 

—  nitride,  ii.  52 

—  ores,  ii.  46 

—  oxides,  i.  10 ;  ii.  50 

—  oxy chloride,  ii.  51 

—  powder,  ii.  47 

—  purification  of,  ii.  47 

—  salts,  basic,  ii.  51,  48 

—  smelting,  ii.  46 

—  sulphates,  ii.  48 

—  sulphides,  ii.  216 

—  valency  of,  ii.  48 
Metalepsis,  i.  465 

—  of  acetic  acid,  i.  467 

—  of  inorganic  substances,  i.  469 

—  of  marsh  gas,  i.  466 
Metals  and  non-metals,  i.  23 
Metantimonic  acid,  ii.  181 
Metaphosphates,  ii.  163 
Metaphosphoric  acid,  ii.  156, 163 
Metastannic  acid,  ii.  126 
Metatitanic  acid,  ii.  140 
Metatungstates,  ii.  280 
Metatungsticacid,  ii.  279 
Meteorites,  ii.  302 

Metric  system,  i.  50 
Minium,  ii.  137 
Molecular  heats,  i.  578 

—  volumes,  ii.  3 

Molecules,  i.  216,  315,  312,  465;  ii.  256 
Molybdates,  ii.  279 
Molybdenum,  ii.  277 

—  metallic,  ii.  280 

—  ores,  treatment  of,  ii.  278 

—  sulphides,  ii.  283 
Molybdic  acid.  ii.  282 

—  anhydride,  ii.  278 
Monometaphosphoric  acid,  ii.  163 


NIT 

Monophosphamide,  ii.  171 

Monosodium  orthophosphate,  ii.  160 

Morphotropy,  ii.  10 

Mortar,  i.  597 

Multiple  proportions,  law  of,  i.  107,  213 


N 


Naphtha,  i.  362 

—  formation  of,  i.  364 
Nascent  state,  i.  33 
Neodymium,  ii.  92 
Nickel,  ii.  335 

—  copper  and  zinc  groups,  comparison 

of,  ii.  46 

—  ores,  ii.  335 

—  position  of,  in  periodic  system,  ii.  333 

—  sulphate,  ii.  338 
Nickelic  oxide,  ii.  344 
Nickelous  oxide,  ii.  338 
Niobates,  ii.  192 
Niobium,  ii.  190 

—  oxides,  ii.  192 

—  oxychloride,  ii.  191 

—  pentachoride,  ii.  191 
Nitrates,  i.  266 
Nitre,  i.  261 

—  plantations,  i.  545 
Nitric  acid,  i.  261 

action  of,  on  metals,  i.  271 

chloranhydrides,  i.  461 ;  ii.  169 

.  hydrates  of,  i.  265 

manufacture  of,  i.  262 

oxidising  action  of,  i.  272 

purification  of,  i.  264 

red  fuming,  i.  265 

specific  gravity  of,  i,  265 

—  anhydride,  i.  273 

—  oxide,  i.  279.  281,282 
Nitrides,  i.  254 
Nitriles,  i.  395 ;  ii.  467 
Nitrites,  i.  278 
Nitro-compounds,  i.  267 
Nitroferricyanides,  ii.  333 
Nitro-sulpbates,  ii.  222 
Nitro-sulphuric  acid,  ii.  223 
Nitrogen,  i.  221.  226 

—  chloride,  i.  470 

—  dioxide,  i.  273^ 

—  iodide,  i.  601 

—  oxides,  i.  260 

temperature  of  decomposition  of, 

i.  224 

—  peroxide,  i.  273 

—  preparation  of.  i.  223 

—  properties  of,  i.  224 

—  sources  of,  i.  221 

—  sulphide,  ii.  260 
Nltroso-compounds,  i.  280 
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Nitrosyl  chloride,  ii.  169 

Nitrous  acid,  chloranhydride  of,  ii.  169 

—  anhydride,  i.  277 

—  oxide,  i.  287 

absorption  spectmm  of,  i.  668 

liquefection  of,  i.  289 

Non-metals,  i.  23 

Nordhausen  sulphuric  acid,  ii.  227 

Norwegium,  ii.  65 

Numbers,  law  of  even,  i.  344,  354 

O 

Occlusion  of  gases,  i.  141 
Octaves,  law  of,  ii.  438 
Oils,  boiling  of,  ii.  132 
Oleum  Martis,  ii.  325 
Olivine,  ii.  115 
Opal,  ii.  105 
Orangeite,  ii.  143 
Organic  acids,  i.  358,  383 

—  substances,  classification  of,  i.  358 
Orpiment,  ii.  173,  215 

Orthite,  ii.  89 
Orthocarbonic  acid,  i.  518 
Orthoclase,  ii.  116 
Orthophosphoric  acid,  ii.  166 
Osmic  anhydride,  ii.  357 
Osmiridium,  ii.  357 
Osmium  oxides,  ii.  358 

—  metallic,  ii.  369 

—  separation  of,  ii.  358 
Osmotic  pressure,  i.  64 

and  molecular  weight,  i.  323 

Oxides,  i.  181 

—  acid.  i.  182 

—  atomic  heats  of,  i.  578 

—  atomic  volumes  of,  ii.  33 

—  basic,  i.  182 

—  displacement  of,  ii.  394 

—  heat  of  formation  of,  i.  119 

—  indiflferent,  i.  182 

—  intermediate,  i.  185 

—  reduction  of,  ii.  306 

—  saline,  i.  182.  533 

—  temperature  of  reduction,  ii.  393 
Oxycobaltamine  salts,  ii.  339 

t)xygen,  i.  151 

—  and  hydrogen,  relation  between,  in 

compounds,  ii.  14 

—  interchange  with  halogens,  i.  494 

—  polar  theory  of,  i.  211 

—  preparation  of,  i.  1 54 

—  properties  of,  i.  162 

—  sources  of,  i.  154 

—  types  of  combination  of,  i.  476 
Ozone,  i.  197 

—  detection  of,  i.  201 

—  preparation  of,  i.  190 

—  properties  of,  i.  200,  205 


PHO 


^Palladium,  ii.  355 

—  hydride,  ii.  356 

—  separation  of,  ii.  355 
Palladous  chloride,  ii.  355 

—  iodide,  ii.  355 
Paracyanogen,  i.  404 
Paramorphism,  ii.  9 
Parasulpbatammon,  ii.  260 
Partial  pressures,  i.  80 
law  of,  i.  81 

Peat,  i.  333 
Peligot's  salt,  ii.  270 
Pelopium,  ii.  190 
Pentathionic  acid,  ii.  248 
Perchloric  acid.  i.  479 
Periclase,  i.  581 
Periodates,  i.  502 
Periodic  acid,  i.  502 

sp.  gr.  of  solutions,  i.  502 

Periodic  law,  ii.  1,  435 

and  agents  of  metalepsis,  ii.  28 

and  atomic  volumes,  iL  32 

and  atomic  weights,  ii.  23 

and  cerite  metals,  ii.  89 

and    coefficient    of    expansion, 

ii.  29 

and  Dalton*s  law,  ii.  26 

and  gadolinite  metals,  ii.  89 

and  gallium,  ii.  85 

and  heat  evolved  in  formation  of 

halogen  comfiounds,  ii.  30 

and  hydrocarbon  radicles,  ii.  21 

and  hydrogen  compounds,  ii.  22 

and  magnetic  properties,  ii.  29 

and  melting  points  of  compounds, 

ii.  29 
and  organo-metallic  compoands, 

ii.  22 

and  oxides,  ii.  22 

and  platinum  metals,  il.  26 

and  specific  gravity,  ii.  31 

and  thermochemistry,  ii.  30 

properties  of  elements  foretold 

by,  ii.  24 
Permanganic  acid,  ii.  298 

—  anhj'dride,  ii.  298 
Pernitric  acid,  i.  259 
Peroffskite,  ii.  140 
Peroxides,  ii.  242,  291 
Persulphuric  acid,  ii.  242 
Petrifaction,  ii.  107 
Petroleum,  i.  361 
Petrolite,  i.  568 
Phenol,  solubility  of,  i.  74 
Phlogi.ston,  i.  16 
Phosgene  gas,  ii.  168 
Phosgenite,  ii.  1.33 
Phospham,  ii.  171 
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Phosphates,  ii.  158 

Phosphide,  ii.  152 

Phosphine,  heat  of   formation  of,  ii. 

175 
Piiosphomolybdates,  ii.  280 
Phosphomolybdic  acid,  ii.  280 
Phosphonitrilic  acid,  ii.  172 
Phosphonium  chloride,  ii.  153 

—  iodide,  ii.  153 
Phosphorescence,  ii.  214 
Phosphoric  acid,  heat  of    saturation, 

ii.  159 

—  acids,     ortho-,    meta-,    and   p}To-, 

ii.  156,  157,  162,  163 

—  anhydride,  ii.  154 
Phosphorous  acid,  ii.  164 
Phosphorus,  ii.  144 

—  acids  of,  relation  between,  ii.  162 

—  allotropic  forms  of,  ii.  150 

—  amides,  ii.  171 

—  amorphous,  ii.  1 47 

—  and  nitrogen,  ii.  151 

—  chlorides,  ii.  166 

vapour  density  of,  ii.  166 

—  di-iodide,  ii.  166 

—  extraction  of,  ii.  146 

—  hydrogen  compounds  of,  ii.  152 

—  metallic,  ii.  149 

compounds  of,  ii.  167 

—  molecular  weight  of,  ii.  150 

—  nitriles,  ii.  171 

—  occurrence  of,  ii.  144 

—  ortho-acids  of,  ii.  156 

—  oxychlorides,  ii.  166,  167 

—  pentachloride,  ii.  167 

—  pentafluoride,  ii.  167 

—  red,  ii.  147.  149 

—  sulphides,  ii.  206 

—  sulphochloride,  ii.  207 

—  thermochcmical  dat«  for,  ii.  147 

—  trichloride,  ii.  166,  167 

—  tri-iodide,  ii.  166 

—  vapour,  ii.  150 

—  yellow,  ii.  146 
Phosphuretted  hydrogen,  ii.  153 
Pink  salt,  ii.  125 
Pitchblende,  ii.  286 
Photochemistry,  i.  459  ;  ii.  4(X) 
Plants,  part  played  by  salts  in,  i.  539 
Plaster  of  Paris,  i.  602 

Platinic  bromide,  ii.  354 

—  chloride,  ii.  353 

—  hydroxide,  ii.  354 

—  iodide,  ii.  354 

—  sulphate,  ii.  354 

—  sulphide,  ii.  354 

Platino-ammonium  compounds,  ii.  365 
Platino-ammonium  isomcridea,  ii.  370 
Platinochloridos,  ii.  353,  363 

~  solubility  of,  i.  568,  571 
VOL.    II. 


POT 

Platino-compoimds,  theory  of  structure 

of,  ii.  363 
Platinocyanides,  ii.  361 
Platinonitrites,  ii.  364 
Platinosulphites,  ii.  364 
Platinous  chloride,  iL  354 
Platinum,  ii.  346 

—  and  lead  alloy,  ii.  360 

—  chloride,  ii.  461 

—  dicyanide,  ii.  361 

—  ore,  treatment  of,  ii.  349 

—  oxide,  ii.  354 

—  poly-cyanides,  ii.  362 

—  saltii,  double,  ii.  361 

—  separation   from  associated  metals, 

ii.  357 
Platinum  metals,  ii.  346 

acids  of,  ii.  359 

chlorides  of,  ii.  361 

double  cyanides  of,  ii.  362 

occurrence  of,  ii.  348 

Pollux,  i.  6(>8 

Polyglycols  and  silicates,  ii.  Ill 

Polvmerism,  i.  206 

Polymorphism,  ii.  8 

Polysilicates,  ii.  Ill,  113 

Poly  sulphides,  ii.  211 

Polysulphuric  acids,  ii.  227 

Polytelluratcs,  ii.  262 

Porcelain,  ii.  71 

Portland  cement,  ii.  118 

Potash,  extraction  from  plants,  i.  540 

Potassium,  i.  535 

—  acid  sulphate,  i.  541 

—  ammonium  chromate,  ii.  268 

—  and  sodium,  alloys  of,  i.  551 

distinction  between,  i.  551 

nitrates,  fusion  of    mixtures 

of,  i.  549 

solubility  of   mixtures  of, 

i.  549 

—  arsenates,  ii.  174 

—  aurate,  ii.  413 

—  bromide,  i.  541 

—  carbonate,  i.  540 

—  chlorate,  i.  160,  476 
solubility  of,  i.  477 

--  chloride,  solubility  of,  i.  72,  477, 636 
8peciticgravityofsolutionsof,i.536 

—  chromat-e,  ii.  268 

—  cobalt icvanide,  ii.  343 

—  cyanide,  i.  542 

—  dichromate,  ii.  266 

—  ferrate,  ii.  327 

—  fcrricyanide,  ii.  328,  332 

—  ferrocyanide,  i.  401  ;  ii.  328 

—  hydride,  i.  550 

dissociation  of,  i.  601 

—  hydn)sulphidc,  ii.  208,  213 

—  hydroxide,  i.  542 

I  f 
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Potassium  hydroxide,  specific  gravity  of 
solutions  of,  i.  542 

—  iodide,  i.  541 

—  mauganate,  ii.  295 

—  nitrate,  i.  544 

solubility  of.  i.  72,  277,  544 

—  nitrosulphate,  ii.  222 

—  osmiocyanide,  ii.  362 

—  oxides,  i.  550 

—  perchlorate,  1.  478 

—  permanganate,  ii.  296,  297 

—  platinocyanide,  ii.  360 

—  platinothiocyanat-e,  ii.  363 

—  plumbate,  ii.  138 

—  polysulphides,  ii.  213 

—  preparation  of,  i.  549 

—  sources  of,  i.  536 

—  spectrum,  i.  554 

—  sulphate,  i.  541 

—  sulphide,  ii.  207,  213 

—  sulphonitrite,  ii  222 

—  thiocyanate,  ii.  254 
Powder  of  algaroth,  ii.  182 
Praseodymium,  ii.  92 
Protyle,*ii.  40 

Proust's  hypothesis,  ii.  406 
Prussian  blue,  i.  401 ;  ii.  331 
Puddling,  ii.  312 
Purple  of  Cassius,  ii.  403 
Purpureocobaltic  salts,  ii.  340 
Pyrites,  arsenical,  ii.  173 
Pyrobismuthic  acid^  ii.  183 
Pyrolusite,  ii.  290 
Pyronapth,  i.  363 
Pyrophosphoric  acid,  ii.  157,  162 
Pyrosulphuric  acid,  ii.  228 
Pyrosulphurjl  chloride,  ii.  228 


Quartz,  ii.  102 


Q 


R 


Radicles,  organic,  i.  468 

Rat«  of  chemical  change,  ii.  299 

Reactions,  classes  of,  i.  3 

—  conditions  of,  i.  35 

—  endot hernial,  i.  30 

—  exothermal,  i.  30 

—  mechaniciil  hypothesis  of,  i.  33 

—  rate  of,  i.  493 

—  reversible  and  non-reversible,  i.  32 
Realgar,  ii.  173,215 

Red  lead,  ii.  137 
Reduction,  i.  146 
Refraction  equivalent,  i.  324 
Regenerative  furnace,  i.  387 
Respiration,  i.  151,  369 
Rhodium,  ii.  356 

—  chloride,  ii.  356 
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Rhodium  hydroxide,  ii.  356 

—  separation  of,  ii.  356 
Rhodonite,  ii.  118 
Rock  cr>'stal,  ii.  102 
Rock  salt,  1.  411 
Roseocobaltic  salts,  ii.  340 
Roussin's  salt,  ii.  333 
Rubidium,  i.  668 

Ruby,  ii.  71 
Russinm,  ii.  88 
Ruthenic  anhydride,  ii.  357 
Ruthenium,  ii.  359 

—  oxidoF,  ii.  359 

—  separation  of,  ii.  359 
Rutile,  ii.  139 


S 


Salts,  i.  186,  505 

—  acid  and  basic,  i.  192,  524;  ii.  51 

—  binary  theory  of,  i.  194 

—  double,  i.  192,  589 ;  ii.  320,  262 

—  hydrogen  theory  of,  i.  194 

—  of  Relset's  bases,  ii.  368 

—  pyro-,  i.  192 

—  sea,  i.  409 
Samarium,  ii.  88 
Samarskite,  ii.  89 
Saponification,  i.  521 
S.ipphjre.  ii.  71 
Saxifragin,  i.  607 
Scandium,  ii.  25,  89 
Scheele's  green,  ii.  178 
Scheelite,  ii.  277 
Schweinfurt  green,  ii.  178 
Selenates,  ii.  262 
Selenic  acid,  ii.  262 
Selenious  anhydride,  ii.  261 
Selenite,  i.  603 
Selenitcs,  ii.  261 
Selenium,  ii.  260,  263 

—  allotropic  forms  of,  ii.  263 

—  chlorides,  ii.  264 
Serpentine,  ii.  115 
Silica,  ii.  102 

—  anhvfirous,  ii.  104 

—  chemical  character  of,  ii.  110 

—  chemical  structure  of,  ii.  lOG 

—  dialysis  of,  ii.  108 

—  gelatinous,  ii.  107 

—  hydrates  of,  ii.  98 

—  polymerisation  of,  ii.  93 

—  soluble,  ii.  107 
Silicates,  ii.  95,  1 10 

—  and  alloys,  ii.  112 
Siliceous  rock.s  ii.  112 
Silicon,  ii.  93 

—  and    carbon    compounds,    boiling 

{)oints  of,  ii.  93 
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Silicon,  amorphous,  ii.  95 

—  atomic  weiglit  of,  ii  95 

—  bromide,  ii.  S9 

—  chloride,  ii.  98 

—  crystalline,  ii.  96 

—  ethyl,  ii.  97 

—  fluoride,!.  485;  ii.  99 

—  hydrates  of,  ii.  101 

—  hydride,  ii.  97 

—  iodide,  ii.  99 
Silicon-bromoform,  ii.  99 
Silicon-chlorofonn,  ii.  97 
Silicone,  ii.  101 
Silicon  iodoform,  ii.  99 
Silicotungstates,  ii.  282 
Hilicotungstic  acid,  i.  282 
Silver,  ii.  386 

—  ammonio-chlorides,  i.  247 

—  arsenite,  ii.  178 

—  atj^ay,  ii.  387 

—  bromide,  ii.  397 

—  chloride,  ii.  396 

—  cyanide,  ii.  398 
^-  fluoride,  i.  486 

—  fulminating,  ii.  393 

—  hyjxmitrite,  i.  287 

—  iodide,  ii.  397 

—  nitnitc,  ii.  394 

—  nitrite,  i.  277 

—  ores,  ii.  387 

—  orthophosphate,  ii.  168 

—  oxides,  ii.  392 

—  periodate,  i.  502 

—  plating,  ii.  398 

—  pure,  preparation  of,  ii.  390 

—  smelting,  ii.  389 

—  subchloridc,  ii.  400 

—  sulphite,  ii.  399 
Slags,  ii.  115,307 
Smalt,  ii.  836 
Soda  waste,  i.  514 
Sodium,  i.  505 

—  aluminate,  ii.  78 

—  amalgams,  heat  of  formation  of,  i.  529 

—  amide,  i.  534 

—  biborate,  ii.  58 

—  bicarbonate,  i.  517 

—  borate,  crystallo-hydrate  of,  ii.  68 

—  carl>onate,  i.  51 1 

crj'st  alio- hydrates  of,  i.  107 

manufacture  of,  i.  612,  616 

reactions  of,  i.  617 

solubility  of,  i.  516 

sp.  gr.  of  solutions  of,  i.  616 

—  chloride,  i.  408 

contraction  of  solutions  of,  i.  419 

crj'stallisation  of,  i.  416 

crjstallo-hydrates  of,  i.  417 

difi'usion  of  solutions,  i.  418 

extraction  of,  i.  409 


SOL 

Sodium  chloride,  formation  of  ice  from 
solutions  of,  i.  418 

reactions  of,  i.  421,  438 

solubility  of,  i.  417, 420 

specific  gravity  of  solutions  of, 

i.418 

—  chromates,  ii.  267 

—  hydride,  i.  530,  601 

—  hydroxide,  i.  519 

and  iodine,  i.  501 

atomic  volume,  i.  521 

crj'stallo-hydrates  of,  i.  521 

heat  of  formation  of,  1.  121 

—  —  heat  of  saturation,  ii.  158 

heat  of  solution,  i.  621 

preparation  of,  i.  519 

reactions  of,  i.  522 

sp.  gr.  of  solutions  of,  i.  521 

—  hypochlorite,  i.  471 

—  nitrate,  solubility  of,  i.  71 

—  nitride,  i.  534 

—  nitroferricyanide,  ii.  333 

—  orthophosphate,  solubility  of,  ii.  160 

—  oxides,  i.  532 

—  oxychloride,  i.  533 

—  -  periodate,  i.  502 

—  peroxide,  i.  533 

—  phosphates,  ii.  159 

—  platinatc,  ii.  364 

—  platinocyanide,  ii.  361 

—  preparation  of  metallic,  i.  626 

—  proi)ertic8  of,  i.  529 

—  pyrophosphate,  ii.  162 

—  pyrosulphate,  i.  510 

—  sescjuicarbonate,  i.  518 

—  silicates,  ii.  115 

—  spectrum  of,  i.  554 

—  St  annate,  ii.  128 

—  subchloride,  i.  532 

—  sulphute,  i.  605  ;  ii.  240 
-^  —  acid,  i.  510 

double  salts  of,  i.  510 

crystallo- hydrates,  i.  609 

heat  of  solution  of,  i.  509 

occurrence  of,  i.  506 

solubility  of,  i.  73 

—  sulphite,  ii.  220 

—  thioantimonate,  ii.  216 

—  thiosulphate,  ii.  224 

and  iodine,  ii.  225 

heat  of  solution,  i.  74 

—  tungstatcs,  ii.  281 

—  uranate,  ii.  283 

—  valency  of,  i.  531 
Soils,  ii.  69 

—  absorptive  power  of,  i.  638 
Solar  atmosphere,  i.  561 
Solubility,  coefficient  of,  i.  67 

—  curves  of,  i.  70 

—  of  gases,  i.  77 

iz8 


484 


PRINCIPLES  OF  CHEMISTRY 


SOL 

Soluble-blue,  ii.  133 
Solution,  aspects  of,  1.  64 

—  influence  of,  on  reactions,  i.  698 
Solutions,  i.  59,  530  ;  ii.  76 

—  characteristic  temperature  of,  i.  447 

—  compressibility  of,  i.  87 

—  contraction  of,  i.  86 

—  definition  of,  i.  105 

—  diffusion  of,  i.  61 

—  dissociation  theory  of,  i.  65,  105 

—  heat  of  formation  of,  i.  73 

—  modulus  of  expansion  of,  i.  447 

—  of  constant  boiling  point,  i.  98 

—  of  gases,  i.  61,  67 

—  saturated,  i.  65 

—  specific  gravity  of,  i.  65,  322 

—  spectra  of,  i.  564 

—  supersfiturated,  i.  94 

—  vapour  tension  of,  i.  89 
Specific  heat  of  gases,  i.  678 
true,  i.  579 

variation   of,  with  temperature, 

i.  676 

—  volumes,  ii.  31,  34 
Spectrum,  absorption,  i.  557 

—  and  molecular  structure,  i.  565 

—  displacement  of  lines  in,  i.  661 

—  of  compounds,  i.  563,  565 

—  reversed,  i.  557,  559 
Spectroscope,  i.  552 
Spectroscopic  analysis,  i.  553 
Spectroscopy,  stellar,  i.  561 
Speiss,  ii.  336 
Sperryllite,  ii.  347 
Sphene,  ii.  140 
Spiegeleisen,  ii.  311 
Spinel,  ii.  76 
Spodumene,  i.  566,  ii.  114 

Stability    of    compounds,     theory    of, 

ii.  397 
Stannic  acid,  ii.  126 

—  chloride,  ii.  127 

—  fluoride,  ii   128 

double  salts  of,  ii.  128 

—  hydroxide,  ii.  126 

—  iodide,  ii.  128 

—  oxide,  ii.  125 

—  sulphide,  ii.  128 
Stannous  chloride,  125 

vapour  density  of,  ii.  124 

—  nitrate,  ii.  125 

—  oxide,  ii.  124 

basic  salts  of,  ii.  125 

—  sulpliate,  ii.  125 
Staurolites,  ii.  lUi 
Steel,  ii.  311 

—  basic  process    (Thomas     and    Gil- 

christ's), ii.  313 

—  Bessemer  process,  ii.  313 
-  cast,  ii.  314 


SUL 

Steel,  classification  of,  ii.  316 

—  Martinis  process  for  making,  ii.  314 
Stibine,ii.  181 

Stones,  precious,  ii.  62 
Strontium,  i.  605 

—  chloride,  solubility  of,  i.  606 

—  nitrate,  i.  606 

—  oxide,  solubility  of,  i.  607 

—  platinocyanides,  ii.  361 

—  solubility  of  salts  of,  i.  608 

—  sulphate,  i.  605 
Struvite,  ii.  161 

Substitutions,  law  of,  i.  256,  353,  384 ; 

ii.  397,  422 
Suffioni,  ii.  59 
Sulphamide,  ii.  260 
Sulphatammon,  ii.  259 
Sulphates,  ii.  259 

—  solubilit}'  of,  i.  508 
Sulphides,  ii.  194,  202 

—  classilication  of,  ii.  209 

—  colloidal  state  of,  ii.  208 

—  heat  of  formation,  ii.  201 
Sulphonic  acids,  ii.  240 
Sulphonitrites,  ii.  222 
Sulphoxyl,  ii.  241 
Sulphur,  ii.  193 

—  acids,  ii.  226 

—  allotropic  forms  of,  ii.  197 

—  characters  of,  ii.  193 

—  chlorides,  ii.  255 

—  dichloride,  ii.  257 

—  extraction  of,  ii.  196 

—  flowers  of,  ii.  196 

—  heat  of  combustion,  ii.  217 

—  insoluble,  ii.  199 

—  molecule  of,  ii.  200 

—  native,  ii.  1 95 

—  occurrence  of,  ii.  194 

—  oxyacids,  ii.  217 

—  roll,  ii.  196 

—  solubility  of,  ii.  197 

—  tetrachloride,  ii.  267 

—  vapour  density  of,  iL  200 
Sulphuretted  hydrogen,  ii.  201 
and  iodine,  i.  498 

crystallo-hydrate  of,  ii.  204 

preparation  of,  ii.  202 

solubility  of,  ii.  204 

Sulphuric  acid,  ii.  228 

chloranhydrides  of,  ii.  258 

concentration  of,  ii.  229 

distillation  of,  ii.  231 

heat  of  hydration,  i.  76  ;  ii.  234 

hydrates  of,  i.  110;  ii.  233,  2:U, 

236 

vapour  tension  of,  ii.  232 

manufacture  of,  i.  284 

refining,  ii.  233 

sp.  gr.  of  solutions  of,  ii.  236 
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Sulphuric  anhydride,  ii.  32fi 
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